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ABSTRACT 
ABSTRACT 
The need f o r a greater understanding of the teaching-learning 
process i n higher education i s c l e a r l y evident from the rapid 
increase i n research a c t i v i t y i n t h i s area over the l a s t decade. 
Economic and p o l i t i c a l pressure often defines the ra t i o n a l e f o r 
such research i n terms of increased e f f i c i e n c y ; i t i s the author's 
contention that such an outcome might s t i l l r e s u l t even i f the 
emphasis i s s h i f t e d towards effectiveness. Indeed i t i s the body 
of academics who are concerned with s t a f f development that have 
redefined the problem i n these terms. Much research has 
concentrated on the outcomes of the teaching-learning process i n 
order to t r y and measure teaching effectiveness. Whilst i t cannot 
be denied that these researchers have recorded some i n t e r e s t i n g 
observations, the author has shown that t h i s perspective on the 
problem presents a less than complete p i c t u r e . 
In the work reported i n t h i s thesis an adaptation of a Repertory 
Grid methodology based on the p r i n c i p l e s of Personal Construct 
Psychology was used p r i m a r i l y to examine i n d e t a i l the ways i n 
which d i f f e r e n t teachers and students perceive the roles of them-
selves and others i n the teaching-learning process -^nd to explore 
t h e i r perspectives on the range of pedagogic sty l e s commonly 
u t i l i z e d by the educators. 
The author has been able to demonstrate that groups of students and 
teachers who share common a t t i t u d e s towards the d i s c i p l i n e of 
physics are more l i k e l y to demand a common pedagogic s t y l e i n order 
to f a c i l i t a t e e f f e c t i v e , and therefore e f f i c i e n t l e arning. The 
development of an a t t i t u d e scale enabled these groups of common 
a t t i t u d e to be i d e n t i f i e d on four a t t i t u d i n a l components, ran;.:;-:; 
from exam o r i e n t a t i o n to pleasure from physics. The author 
investigates a number of hypotheses r e l a t i n g a t t i t u d e and pedagogic 
s t y l e . The conclusions drawn from the data enable the author to 
make comment on the v a l i d i t y of a number of commonly held 
misconceptions w i t h i n the arena of physics teaching i n higher 
education. 
INTRODUCTION 
1,1. Doctoral Theses can o r i g i n a t e , i t seems, i n two rather 
d i f f e r e n t ways. One increasingly-common method i s f o r the 
researcher to subject some already-established body of 
l i t e r a t u r e to an "in-depth" s c r u t i n y , with a view t o i d e n t i -
f y i n g questions and issues which look as i f they ought to be 
examined more closely. T y p i c a l l y , the aim of such an exercise 
i s t o uncover possible paradoxes and anomalies, hidden 
assumptions, suspect methodologies, doubtful looking chains of 
reasoning, c o u n t e r - i n t u i t i v e assertions, a l t e r n a t i v e explan-
ations, seemingly-suspect f i n d i n g s , and so on. The ensuing 
thesis work then consists i n attempting to resolve or (at the 
very leas t ) i l l u m i n a t e some of the queries that the l i t e r a t u r e 
search managed to reveal. The point to be noted about research 
of t h i s kind i s that i t i s a body of l i t e r a t u r e - o r , more 
precisely, the d e f i c i e n c i e s i n such l i t e r a t u r e - t h a t i s the 
main source of i n s p i r a t i o n f o r whatever hypotheses are tested. 
I n other words, the hypotheses th a t get tested are a reaction to 
the l i t e r a t u r e , rather than a reaction to problems th a t present 
themselves i n the r e a l world. 
1.2. The work reported i n t h i s thesis did not o r i g i n a t e i n t h i s way, 
The o r i g i n a t i n g ideas did not come from some already-existing 
t;c-Jy of l i t e r a t u r e . Rather, they were the outcome of several 
years of personal r e f l e c t i o n on the problems of teaching under-
graduate l e v e l physics i n the FE/HE area. 
1.3. To the conscientious teacher, teaching poses a wide range of 
d i f f i c u l t and challenging problems. This seems to be 
p a r t i c u l a r l y true of teaching which i s aimed at f i r s t year 
undergraduates - because i t i s during the f i r s t year that 
student a t t i t u d e s (toward the subject matter being taught) are 
l i k e l y to "harden." To make matters worse, there are c e r t a i n 
subjects - and physics ( l i k e mathematics) i s generally agreed 
to be one of these - that seem, f o r reasons which are by no 
means wel l understood, to be "extra d i f f i c u l t " to teach 
e f f e c t i v e l y . The teaching of physics to f i r s t year under-
graduates is,therefore^a doubly hazardous venture. I t i s 
hazardous by v i r t u e of the students being i n t h e i r f i r s t (and 
probably most impressionable) year, and i t i s hazardous by 
v i r t u e of c e r t a i n special d i f f i c u l t i e s t h a t seem t o inhere i n 
the very nature of the subject matter. However conscientious 
and w e l l intentioned the teacher might be, i t i s altogether too 
easy f o r students to be "turned o f f " - even to the point of 
dropping out - by what they ( i . e . the students themselves) 
regard as bad teaching. 
1.^. This, then, was the problem t h a t f i r s t presented i t s e l f to the 
present w r i t e r back i n 1971 - s h o r t l y a f t e r he had been 
appointed, as a q u a l i f i e d physics teacher, to teach physics to 
f i r s t year students i n a College of Further Education. The 
proDlem, i n i t s most general form, i s that of discovering ways 
i n which such teaching might be rendered more e f f e c t i v e . 
Clearly, t h i s p a r t i c u l a r problem did not emerge from any reading 
of the professional l i t e r a t u r e . Rather, i t manifested i t s e l f 
as a pressing and recurring problem i n a r e a l - l i f e teaching 
s i t u a t i o n . As a c o r o l l a r y , i t follows that the relevant 
l i t e r a t u r e ( i . e . l i t e r a t u r e relevant to solving the problem) 
had to be sought a f t e r the problem had appeared. 
1.5. There are obviously many possible reactions to the kind of 
problem j u s t described. For example, an expert i n curriculum 
design might seek to redesign the f i r s t year physics curriculum. 
An expert i n human motivation might look f o r novel incentives. 
An expert i n micro-teaching or audio-visual aids might experi-
ment with d i f f e r e n t ways of presenting the normal f i r s t year 
material. An expert i n i n d i v i d u a l i s e d teaching might t r y some 
variant of, say, the Keller Plan. And so on. Since the 
author did not at that time consider himself to be an expert i n 
anything at a l l , he reserved his judgment on what might u s e f u l l y 
be done to f a c i l i t a t e the teaching and learning process. 
Instead of looking f o r some " o f f the peg" technique to t r y out 
on the f i r s t year students, he embarked on a series of informal 
discussions - with the students themselves, and with other 
physics teachers, and with other non-physics teachers of f i r s t 
year students. The general aim of these discussions was to get 
a f e e l f o r how these d i f f e r e n t kinds of persons "saw" the 
problem as a whole. 
1,6-, These discussions went on, i n t e r m i t t e n t l y , f o r several months. 
As they progressed, the present w r i t e r became increasingly aware 
of the f a c t t h a t , w i t h i n each of the three groups of discussants 
(students, physics teachers and non-physics teachers) there were 
marked differences of a t t i t u d e : (a) towards physics, per se, 
and (b) towards the ways i n which physics might best be taught. 
For example, some students seemed to view the l e a r n i n g of 
physics as a somewhat burdensome task t h a t they had agreed t o 
go through i n order t o pass an examination. Other students 
seemed t o be wanting to learn the subject f o r i t s own sake. 
Yet others seemed to be p r i m a r i l y interested i n the p r a c t i c a l 
use that they could l a t e r make of physics, i n the r e a l world. 
And so on, A , l i t t l e r e f l e c t i o n suggests th a t these " a t t i t u d e 
t o physics" are roughly synonymous with "reasons f o r learning 
physics." I n other words, they say something about the 
perceived goals of the learning process. For one student, the 
goal i s a piece of paper s t a t i n g t h a t he has s a t i s f i e d the 
examiners. For another, the goal i s the s a t i s f a c t i o n t h a t 
comes from studying a subject which one r e a l l y enjoys. For yet 
another student, the goal i s the promise of p r a c t i c a l r e a l -
world applications of the knowledge being imparted. 
1.7. As might be expected, these d i f f e r e n t ways of viewing the 
teaching/learning process tended t o be shared, t o varying 
extents, by the teachers themselves. Thus, some teachers 
seemed to be p r i m a r i l y concerned with pushing t h e i r students 
through the r e q u i s i t e examinations. Others seemed t o be 
t r y i n g to communicate t h e i r own love and enthusiasm f o r the 
s i i u j u c t . And others seemed t o attach special importance, i n 
t h e i r teaching, t o the p r a c t i c a l uses t o which physics could be 
put. To the extent t h a t a teacher pursues one general goal 
(e.g. the goal of g e t t i n g his students through the mandatory 
examinations) rather than another, he w i l l obviously tend t o 
adopt a PEDAGOGIC STYLE which s t r i k e s him as being most 
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appropriate f o r the achieving of that goal. Such a s t y l e i s 
then l i k e l y to i r r i t a t e any student who has a strong preference 
fo r a somewhat d i f f e r e n t goal! 
1.8. To judge from the kinds of discussions t h a t the w r i t e r 
o r i g i n a l l y held, a f a i l u r e to share common goals was by no 
means the only source of f r u s t r a t i o n and f r i c t i o n among students 
and teachers. I t i s sometimes g l i b l y suggested t h a t people 
learn most from other people who are d i f f e r e n t from themselves. 
This may be true of some people. But the ma j o r i t y seem more 
l i k e l y to r e j e c t people whom they perceive as being d i f f e r e n t 
from themselves. Conversely, they seem t o "warm" towards 
people whom they perceive as being e s s e n t i a l l y s i m i l a r - i n 
values, ideologies, world views, and the l i k e - to themselves. 
There i s l i t t l e doubt th a t students can be quite quick to r e j e c t 
teachers whom they perceive (perhaps r i g h t l y , perhaps wrongly) as 
having incompatible values and outlooks. Some teachers are 
equally quick to show disapproval of students who do not seem to 
share t h e i r values and outlooks. The whole problem i s 
exacerbated by the 1 uct t h a t teachers and students often seem to 
be unaware of the values and outlooks that they t a c i t l y subscribe 
to and/or evince. For example, a teacher who pays l i p service 
tc the need to learn physics " f o r i t s own sake," might a c t u a l l y 
teach as i f his sole objective i n l i f e i s to get h i s students 
through t h e i r examinations. And a teacher who fancies himself 
to be clear and i n c i s i v e might come across to his students as 
being woolly and muddled. 
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1.9. Considerations of t h i s kind have led i n recent years to a 
v a r i e t y of "Aptitude-Teacher-Interaction" experiments, i n which 
attempts have been made to achieve some sort of match (e.g. of 
personalities and/or cognitive s t y l e s ) between teachers and t h e i r 
students. However, the discussions which the present w r i t e r 
held, back i n the period 1971 t o 1973, persuaded him of the need 
to cast the net somewhat wider - and to embark on a general 
i n v e s t i g a t i o n (with respect to f i r s t year undergraduate physics) 
of the i n t e r a c t i o n between PEDAGOGIC STYLES of teaching and 
ATTITUDES toward the subject matter. This, i n a n u t s h e l l , i s 
what the present thesis i s a l l about. 
1.10. Any attempt to explore the complex re l a t i o n s h i p s between 
Pedagogic Styles and Attitudes obviously c a l l s for a discussion 
of what these words are taken to mean. More w i l l be said about 
t h i s s h o r t l y . For the moment, i t may be s u f f i c i e n t to note 
t h a t , i r r e s p e c t i v e of the way i n which these words f i n a l l y get 
defined, there i s c l e a r l y a need to construct a d a t a - e l i c i t i n g 
procedure which w i l l r e l i a b l y e x t e r i o r i s e the a t t i t u d e s i n 
question, and which w i l l also e x t e r i o r i s e ( i . e . make available 
f o r public scrutiny) the ways i n which people perceive and judge 
pedagogic st y l e s . For reasons that w i l l l a t e r be made clear, i t 
r»C3 cicoided to use the Repertory Grid Technique as the 
appropriate e x t e r i o r i s i n g instrument. The f i r s t stage of the 
research program was accordingly devoted to the c a r e f u l 
construction and v a l i d a t i o n of such an instrument. The 
instrument was then applied to the three groups of persons which 
have already been b r i e f l y defined. 
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1.11. As subsequent chapters t r y to show, the repertory g r i d 
technique e l i c i t e d a r i c h crop of data about people's 
perceptions and assessments of d i f f e r e n t pedagogic s t y l e s , and 
about t h e i r a t t i t u d e s to physics, per se, and to the "goals" of 
physics teaching. As a r e s u l t of the research i t was possible 
to c l a s s i f y pedagogic styles and a t t i t u d e s i n promising-looking 
- ways. I t was also possible to compare and contrast the some-
what d i f f e r e n t perceptions of the three groups of subjects 
(students, physics teachers and non-physics teachers) studied, 
and to explore the ways i n which pedagogic styles and a t t i t u d e s 
i n t e r a c t . More precisely, i t was also possible t o probe the 
v a l i d i t y of no less than twelve hypotheses to do w i t h a t t i t u d e s 
and t h e i r influence on the perceived effectiveness of d i f f e r e n t 
pedagogic s t y l e s . Although the e n t i r e project i s w r i t t e n up as 
i f i t were a piece of "pure" research, frequent a t t e n t i o n i s 
drawn to some possible p r a c t i c a l implications of the f i n d i n g s . 
Of c e n t r a l importance, here, i s the author's conjecture that 
a t t i t u d e matching may prove to be more e f f e c t i v e than aptitude 
or a b i l i t y matching. I n other words, i f a teacher has the 
choice of matching pupils ( i n small groups) on the basis of 
shared a t t i t u d e s toward the subject matter being taught, then 
t h i s might prove to be pedagogically superior to matching them 
on the basis of, say, s i m i l a r i t y of I.Q. Another way of 
expressing the point would be to say t h a t i t i s a mistake to 
assemble, i n a single group, a l l students possessing a high I.Q., 
i f the r e s u l t i n g high-I.Q. group contains students who have 
r a d i c a l l y d i f f e r e n t a t t i t u d e s towards the subject matter being 
taught. However, t h i s i s only one specimen exar.ple of the way 
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i n which the results of.the present research might influence 
physics teaching i n the f u t u r e . More generally, i t i s the 
author's contention that the c r i t e r i a used to form student 
groups, and the methods of i n s t r u c t i o n advocated by teachers of 
undergraduate physics, the students* perceptions of t h e i r own 
needs i n terms of pedagogic s t y l e , and teachers' perceptions of 
,^  t h e i r students* needs a l l require f u r t h e r i n v e s t i g a t i o n . 
Furthermore the author intends to provide evidence which w i l l 
not only permit an i n v e s t i g a t i o n of the areas noted but which 
may substantiate the claim that teachers of physics, teachers 
of d i s c i p l i n e s other than physics and physics students a l l tend 
to use d i f f e r e n t c r i t e r i a when assessing a teacher's e f f e c t i v e -
ness. I t i s common practice i n most i n s t i t u t i o n s of f u r t h e r or 
higher education to use a measure of aptitude or a b i l i t y to 
determine the composition of student learning groups. (The 
author expands t h i s argument l a t e r , when the concept or 
'perceived academic p o t e n t i a l ' i s introduced). Furthermore the 
academic teacher i n Great B r i t a i n , unlike his American counter-
part, i s not regularly assessed and he i s given considerable 
autonomy i n choosing his preferred pedagogic s t y l e , which, i t 
w i l l generally be agreed, i s chosen i n t u i t i v e l y by the 
i n d i v i d u a l s t a f f member without reference to student feedback or 
peer appraisal. Whilst the emergence of s t a f f developmeni: 
uni t s (S.C.E.D.S.I.P., 1973) d i r e c t l y concerned w i t h the 
improvement of teaching effectiveness, has occurred i n the ea r l y 
1970s such un i t s have been preoccupied with the behavioural 
assessment of teaching against c r i t e r i a e x t e r n a l l y specified by 
t h e i r 'experts.' (Proceedings of the 3rd. I n t e r n a t i o n a l 
1^ ^ 
Conference on the Improvement of University Teaching 1977). 
The author contends that both the methods used f o r student 
group composition and the strategies adopted t o assess teaching 
e f f i c i e n c y (rather than appraise learning effectiveness) are 
less than i d e a l , generating a need f o r an i n v e s t i g a t i o n of the 
areas noted i n section 1.11. above. 
1.12. No excuse need be, nor indeed i s , offered f o r t h i s i n i t i a l l y 
negative and c r i t i c a l view, i f i t i s recognised that such 
expressions c o n s t i t u t e a very subjective set of hypotheses 
a r i s i n g from extensive personal experience, both as a teacher 
of physics i n FE/HE and i n the ro l e of one who endeavours to 
analyse and improve the teaching of others. 
The opinions expressed represent a s t a r t i n g point, an 
o r i e n t a t i o n f o r coostructive c r i t i c i s m , analysis and development 
of an a l t e r n a t i v e system. As Claude Bernard stated i n 1865, 
"A hypothesis i s the obligatory s t a r t i n g point of a l l 
experimental reasoning. Without i t no i n v e s t i g a t i o n would be 
possible and one would learn nothing; one could only p i l e up 
barren observations. To experiment without preconceived ideas, 
i s to wander aimlessly." (Bernard, 1865). 
1.13.1. The author has already used terms, which have d e f i n i t i o n s 
s p e c i f i c to t h i s research, these require explanation. 
"Pedagogic s t y l e . " This term i s taken t o embody a l l of what a 
teacher 'does' when exercising h i s teaching f u n c t i o n . 
Teaching i s seen at one l e v e l (roughly, the l e v e l of "actions") 
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as a p r a c t i c a l a c t i v i t y wherein the teacher spends a large 
proportion of his time w r i t i n g on blackboards, marking books, 
preparing lessons, arranging classroom equipment, l i s t e n i n g t o 
his students t a l k i n g , etc. Whilst at a second l e v e l 
(roughly, the l e v e l of "goals") i t may be seen as f a c i l i t a t i n g 
learning. Many problems of a p r a c t i c a l nature develop i n 
teaching, most being associated with the teacher's basic task -
that of making available c e r t a i n kinds of knowledge and 
enabling the student to r e l a t e the un-commonsense knowledge of 
the subject to the commonsense knowledge already i n t e r n a l i s e d 
w i t h i n his cognitive s t r u c t u r e . This aspect of teaching 
emphasises the teacher as a p r a c t i t i o n e r . A d d i t i o n a l l y , the 
teacher i s an exponent of applied knowledge working w i t h i n 
professional t r a d i t i o n s . Whilst t h i s two part model of 
teaching could be c r i t i c i s e d f o r i t s over s i m p l i f i c a t i o n , i t 
does provide a fri.'.:iework upon which the research may be based. 
The autonomy of teachers i n Great B r i t a i n has meant that each 
i n d i v i d u a l can evolve his own p a r t i c u l a r set of s k i l l s and 
techniques which he uses as he considers appropriate i n order to 
f a c i l i t a t e learning i n his students. The author uses the term 
'pedagogic s t y l e ' as a means of specifying a complex set of 
techniques, behaviours or understandings which characterise one 
indi v i d u a l ' s teaching r o l e ir. a opcoified s e t t i n g . Thus, a 
'pedagogic s t y l e ' i s both a descr i p t i o n of how teacher 'A' 
manages a given learning s i t u a t i o n and a d d i t i o n a l l y , how a 
hypothetical teacher, 'B', might manage the same learning 
s i t u a t i o n . 
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1.13.2. "Perceived academic p o t e n t i a l . " Students of physics are 
frequently grouped by " a b i l i t y * (based on a previous year's 
performance) before they are exposed to new learning s i t u a t i o n s . 
Logically, i f they are to learn new mat e r i a l , they cannot be 
c l a s s i f i e d according to t h e i r r e a l a b i l i t y to learn i n the new 
set t i n g as t h i s cannot be evaluated u n t i l the learning 
experience i s overl Thus, t h e i r performance on a t e s t of past 
learning experiences i s used to predict t h e i r performance i n the 
new s e t t i n g . I t i s postulated, therefore, that any te s t of 
previous learning can only provide a measure of "perceived 
academic p o t e n t i a l " f o r performance i n a new s e t t i n g . The 
author explains the concept of "perceived academic p o t e n t i a l " 
f u r t h e r i n a j o i n t paper with Reid (keen & Reid, 1977). 
1.13.3. Ef f e c t i v e teaching. Educators r e g u l a r l y debate the merits 
of evaluating e f f e c t i v e teaching. I n t h i s research, the 
author has chosen to s i m p l i f y the problem by consciously 
avoiding the temptation to quantify effectiveness, which would, 
of necessity, have meant using some form of teacher appraisal 
system (e.g. IDEA, Biles 1975). Such systems, and there are 
many described i n the l i t e r a t u r e , are, without exception, 
behaviourly based. Thus the teachers performance i s compared 
with some set of supposedly good ai:Lributes of teaching, usually 
teacher behaviours. (Such as "adequate use of questioning,' 
'uses set induction,' e t c . ) . The author determined from the 
beginning of the research to avoid the imposition of c r i t e r i a of 
.'effectiveness' specified by some external 'expert.' Instead 
of quantifying e f f e c t i v e teaching the author chose to 'q u a l i f y ' 
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the term by placing each and every subject who provided data i n 
the po s i t i o n of a personal 'expert' who knows what he perceives 
as e f f e c t i v e teaching, A methodology was developed which 
enabled these i n d i v i d u a l perceptions of e f f e c t i v e teaching t o be 
made e x p l i c i t to the external observer. Thus,the term 
' e f f e c t i v e teaching'^as used by the author, accepts the semantic 
d i f f e r e n t i a t i o n from ' E f f i c i e n t teaching' which was considered 
at length by Sayer (Sayer, 1977) and others, and defines a 
pedagogic p r o f i l e (see paragraph 1.13,l.)j perceived by ei t h e r 
an i n d i v i d u a l respondent or a group of respondents, which he or 
they believe promotes maximum learning i n the student groups 
exposed to that pedagogic p r o f i l e . 
1.1A-. An in v e s t i g a t i o n which purports to question the areas 
identified^demands a methodology which can measure a t t i t u d e 
towards c e r t a i n prespecified aspects of physics-ind which can 
make e x p l i c i t pedagogic sty l e s perceived as representing 
e f f e c t i v e teaching by respondents. 
The f i r s t methodological problem, namely a t t i t u d e measurement, 
may be resolved by a review of e x i s t i n g measures of a t t i t u d e . 
A detailed discussion r e l a t i n g to such a review together with 
the ra t i o n a l e f o r the development of a new a t t i t u d e scale }z 
undertaken l a t e r , f o r the purposes of t h i s i n t r o d u c t i o n i t i s 
s u f f i c i e n t to state t h a t a new inventory was seen t o be required 
and was, i n consequence, developed. The second methodological 
problem, that of specifying pedagogic s t y l e , present^id a rather 
more serious hurdle. Having chosen to define 'pedagogic s t y l e ' 
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as indicated i t became necessary to explore the p o s s i b i l i t i e s 
of a multi-dimensional " p r o f i l e " which could be seen to cover 
a l l the recurrent c r i t e r i a seen as important by the respondent. 
Many behaviourist s t y l e techniques are available f o r such 
p r o f i l e formulation but a l l s u f f e r from the serious drawback of 
specifying supposedly important c r i t e r i a from some external 
*expert' source. Two techniques existed, however, which were 
not behaviourally oriented, these were Kelly's repertory g r i d 
technique and Osgood's Semantic D i f f e r e n t i a l . For reasons 
specified i n l a t e r chapters the repgrid technique was adopted 
and subsequently developed by the author i n a unique way 
r e l a t i v e to previous attempts to use c o g n i t i v i s t techniques f o r 
the production of 'pedagogic s t y l e ' p r o f i l e s . 
1.15. Early i n the developmental stages of the research the author 
became aware of th^. magnitude of the task he had undertaken. 
A clear need to specify the scope of the study was evident, 
the nature of the research problem being seen by the author as 
quite d i f f e r e n t i n each sector of education. The techniques 
adopted, and the findings described, cannot necessarily be 
transferred from FE/HE t o secondary or secondary t o primary 
education, . Therefore, a decision had to be taken with regard 
to the sector of education whicit was to form the basis of the 
research. A v a r i e t y of fa c t o r s contributed t o the decision 
made to r e s t r i c t the study to FE/HE. The major f a c t o r s 
included the experience of the researcher which was mainly i n 
that sector, the r e l a t i v e ease of access to a representative 
sample of respondents and, not i n s i g n i f i c a n t l y , the demand 
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being made by physics f a c u l t y s t a f f and students t o investigate 
physics teaching generally. 
The FE/HE r e s t r i c t i o n l i m i t s the research^only i n so f a r as i s 
necessaryJ i n order t o complete the project w i t h i n the l i m i t s 
imposed by time and resources. 
1.16. Having crudely spec i f i e d the areas of i n t e r e s t , considered 
the methodological requirements and determined the scope of the 
study the author was able to embark on a review of the 
l i t e r a t u r e and specify the p a r t i c u l a r hypotheses which the 
research data would support or r e f u t e . 
The reseach was conducted by adopting, what some w r i t e r s 
describe as a phenomenonological approach. (To these w r i t e r s , 
an approach i s phe?;omenological i f i t c a l l s f o r an e x t e r i o r i -
sation or verbal reporting of one's current subjective 
experiences). I n i t s extreme form a phenomenonological 
approach demands that a researcher becomes one of the subjects 
i n his f i e l d of study and conducts the research from ' w i t h i n . ' 
The author had experienced being a member of each of three 
categories of respondents, and the s p e c i f i c a t i o n of the 
hypotheses was made from h i s pobicion of former experience. 
This, together with the i n t e n t to place the onus f o r 'expert' 
opinion on the respondent j u s t i f i e d the phenomenological l a b e l . 
No strong p r e s c r i p t i v e comments can be necessarily made from the 
conclusions, but the r a i s i n g of perceptional awareness of the 
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problems, of pedagogic relevance, together w i t h an objective 
comment on one s t a t i c p i c t u r e of physics teaching, may lead to 
the i d e n t i f i c a t i o n of useful areas of subsequent research 
s p e c i f i c a l l y designed to be of a p r e s c r i p t i v e nature. 
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^mii^ ill 
SETTING THE SCENE 
WITH RESPECT TO THE 
LITERATURE 
22. 
2.1. People ( l i k e the present author) who have gained t h e i r 
i n i t i a l q u a l i f i c a t i o n s i n the "hard" physical sciences, tend t o 
take i t f o r granted that researchers should always give (or be 
capable of giving) precise d e f i n i t i o n s of the key terms t h a t 
they use. I t therefore comes as something of a surprise t o 
discover that researchers i n the " s o f t " human and s o c i a l 
— sciences are so often casual about the terminology that they 
deploy. For example, i f one examines any half-dozen papers 
(chosen at random) on the subject of "prejudice," i t can be 
quite d i f f i c u l t to decide whether, and to what extent, such 
papers are a c t u a l l y t a l k i n g about "the same t h i n g . " Moreover, 
what one researcher t a l k s about under the heading of "prejudice," 
another w r i t e r might t a l k about under the seemingly-different 
heading of, say, "ethnic aggression." Under such circumstances, 
words such as "prejudice" and "ethnic aggression" would seem t o 
be l i t t l e more than labels of convenience - tag vords which 
signal the f a c t that the paper "has something to do" with what 
commonly (and vaguely) tends t o go under the name of prejudice or 
ethnic aggression. Such words are simply not intended t o have 
any very precise meaning. 
2.2. Since many highly-regarded t h e o r i s t s and researchers i n the 
s o f t sciences seem quite sanguine about the deployment of Joose 
and i l l - d e f i n e d terminology (and since, moreover, t h e i r 
a n c i l l a r y supporting terminology often tends to be even more 
loose and i l l - d e f i n e d ) , i t i s n a t u r a l to ask whether precision 
r e a l l y matters i n the f i e l d of human and s o c i a l research. 
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Several comments are i n order here. F i r s t of a l l , i t may 
be noted t h a t d e f i n i t i o n s are, by t h e i r very nature, u n l i k e l y 
to do j u s t i c e to anything as complex as a psychological 
phenomenon. D e f i n i t i o n s t y p i c a l l y consist of no more than one 
or two sentences. At the very most, they can h i g h l i g h t some 
feature of the phenomenon defined - and also, perhaps, b r i e f l y 
indicate the way i n which the phenomenon compares and/or 
contrasts w i t h some re l e v a n t l y r e l a t e d phenomenon. I f anything 
more deta i l e d i s required, more than one or two sentences would 
be ca l l e d f o r - and that would move the researcher i n t o the 
realm of "explications" or "elucidations," rather than succinct 
d e f i n i t i o n s . 
Secondly, i t was Kant who f i r s t remarked that d e f i n i t i o n s are 
the end-points, rather than the s t a r t i n g - p o i n t s of 
i n t e l l e c t u a l enqu:.-?y. Of necessity, one might s t a r t with a 
prov i s i o n a l or t e n t a t i v e d e f i n i t i o n . But, as one's enquiries 
proceed, the i n i t i a l d e f i n i t i o n w i l l be seen t o be inadequate 
and i n need of modification. Perhaps a f t e r many years of 
enquiry, one eventually w i l l be able to "capture ti i e essence" of 
a phenomenon i n j u s t one or two sentences. But, even then, the 
one or two sentences t h a t are used w i l l mean very much more to 
the creator of the d e f i n i t i o n , cr.cr: they w i l l to the reader of 
the d e f i n i t i o n . This i s so because the casual reader w i l l 
have no conception of the numerous "candidate d e f i n i t i o n s " t h a t 
^ere considered, and rejected, along the way. 
A t h i r d point to be noticed i s that the Human Race has a c t u a l l y 
2if 
managed to come quite a long way on fuzzy t h i n k i n g I Precise 
th i n k i n g may w e l l be desirable, but i t cannot be convincingly 
argued t h a t precise t h i n k i n g i s es s e n t i a l t o s c i e n t i f i c 
progress. As a matter of f a c t , some t h e o r i s t s hold t h a t the 
quest f o r exactitude i n human a f f a i r s i s always a mistake - and 
' the most th a t can be said i n favour of the quest f o r exactitude 
i s that i t sometimes turns out to be an i n s t r u c t i v e mistake! 
I t i s f a i r l y c l e a r, f o r example, th a t mathematical models of 
human behaviour do scant j u s t i c e to the way i n which humans 
act u a l l y behave (except under special laboratory conditions i n 
which the subjects agree to behave i n accordance with the 
experimenter's model). There may, however, be something to be 
learned from the ways i n which the model f a i l s t o pr e d i c t what 
ac t u a l l y happens. 
F i n a l l y , i t may be pertinent to remark that attempts t o secure 
greater precision, i n the use of psychological terminology, do 
not seem to have been p a r t i c u l a r l y f r u i t f u l . I t i s not clear 
what i s gained by lengthy discussions as to what a p a r t i c u l a r 
term or word might better s i g n i f y 
2.3. What, then, should be the psychological researcher's stance 
toward the main terms that he uses i n his research reports? 
I f the foregoing considerations have any v a l i d i t y at a l l , there 
would seem t o be no necessity f o r the researcher to c l a r i f y , 
with any great precision, the terms i n question. But i t would 
obviously be h e l p f u l i f he gave a reasonably adequate character-
i s a t i o n of what he personally takes the terms t o mean. This i s 
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p a r t i c u l a r l y the case i f (as sometimes happens) the 
researcher uses a set of terms which seem to him to be i n t e r -
related i n ways that need to be pointed out. I t i s also the 
case i f he believes t h a t he i s seeing more significance i n a 
p a r t i c u l a r term than the reader i s l i k e l y t o see. By way of 
example, suppose that a s o c i a l psychologist i s conducting 
research i n t o the nature of Character. Now most people are 
conditioned by society to respect so-called "Men of Character." 
But i t can be pointed out that a Man of Character i s ac t u a l l y 
a somewhat predictable and, to that extent, r i g i d , man. 
Since t h i s facet of Character i s u n l i k e l y to be noticed unless 
the researcher e x p l i c i t l y points i t out, there i s c l e a r l y a need 
to point i t out. 
2A. In keeping with the above considerations, the present author 
devoted some time to considering what he personally meant by the 
word ' a t t i t u d e . ' I n p a r t i c u l a r , he wondered what he ought to 
say that might not be self-evident to professional researchers 
working i n the a t t i t u d e assessment area. He f i n a l l y decided 
th a t an appropriate course of action would be to give a b r i e f 
account of what he took a t t i t u d e s to be, and what he saw them as 
doing. 
2.5. The Concept of A t t i t u d e . 
Textbooks of elementary psychology nowadays tend to define 
Psychology as "The Science of Behaviour" - by which i s normally 
meant the science of observable behaviour. T y p i c a l l y , they 
then go on to assert t h a t behaviour i s determined p a r t l y by 
i n t e r n a l factors and p a r t l y by'external f a c t o r s . * 
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At f i r s t glance, there seems t o be nothing objectionable about 
such views. However, i t i s the business of science to enquire 
more closely i n t o the a c c e p t a b i l i t y of seemingly-unobjectionable 
statements. I f we do t h i s , a whole c l u s t e r of d i f f i c u l t i e s can 
be seen to a r i s e . 
For a s t a r t , i t turns out tha t the word 'fac t o r ' ( i n the kinds 
of textbooks c i t e d ) i s something of an evasion. To some 
authors, an i n t e r n a l f a c t o r i s e s s e n t i a l l y an i n t e r n a l physical 
state - such as the state of the stomach, or the hormonal s t a t e , 
or the neural state of the brain. To other authors, an i n t e r n a l 
factor i s e s s e n t i a l l y a mental state - such as a state of hunger, 
or anger, or fear. To say t h a t behaviour i s p a r t l y caused by 
" i n t e r n a l f a c t o r s " i s therefore to avoid the issue of whether 
behaviour i s "caused" by physical events or mental events. 
Similar problems arise i n connection with the notion of an 
"external f a c t o r . " I n some textbooks, an external f a c t o r i s 
some sequence of physical events impinging on one of the sense 
organs. I n other textbooks, an external f a c t o r i s a sor t of 
"presenting experience" - such as the sigh t of a snake, or the 
cry of someone i n pain. There i s a tendency i n some textbooks 
to "gloss" these d i f f e r e n t conceptions by r e f e r r i n g t o i n t * i r n a l 
f actors as "some set/sequence of neural or mental events" - and 
by r e f e r r i n g to external f a c t o r s as some set/sequence of 
physical o£ perceptual experiences, etc. However, t h i s simply 
raises the question as to how Psychology i t s e l f i s t o be defined. 
There was a time when Psychology was defined as the Science of 
Mind (or Mentation), rather than the Science of Behaviour. 
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Both d e f i n i t i o n s have t h e i r l i m i t a t i o n s . Psychologists who 
concern themselves s o l e l y with mental happenings ( t h i n k i n g , 
f e e l i n g , d e s i r i n g , w i l l i n g , and so on) might l e g i t i m a t e l y be 
accused of dealing with Disembodied Minds. Psychologists who 
r e s t r i c t themselves t o the domain of observable behaviour might 
s i m i l a r l y be accused of dealing with Diseminded Bodies. 
I t i s f u r t h e r to be noted t h a t not everyone agrees t h a t 
behaviour i s due p a r t l y t o i n t e r n a l f a c t o r s and p a r t l y to 
external f a c t o r s . Some t h e o r i s t s have argued that i n t e r n a l 
f a c t o r s - the state of one's body and brain and mind - are 
themselves determined by external f a c t o r s . I t may be 
convenient t o "explain" behaviour i n terms of (say) a person's 
a t t i t u d e s and prejudices. But i f these a t t i t u d e s and 
prejudices are themselves the r e s u l t of external conditioning, 
then, u l t i m a t e l y , only external fact o r s are responsible f o r 
tha t person's behaviour. This argument i s i n f a c t one version 
of the argument i n favour of Determinism (and against Free W i l l ) . 
At the other extreme, there are some people - especially some 
Eastern Mystics - who hold that behaviour i s caused so l e l y by 
i n t e r n a l f a c t o r s . The view here i s that the e n t i r e World i s 
nociiiiiy but a project i o n of the beholder's mind. This being so, 
the world i s i n the mind (rather than the mind being i n the 
world or - even more r e s t r i c t e d l y - i n the brain!) and the mind 
i s consequently responsible f o r everything t h a t we do. No doubt 
almost everyone would dismiss t h i s l a t t e r view out of hand, but 
i t i s worth noting t h a t i t does e x i s t and tha t i t represents the 
polar opposite of the Deterministic argument. 
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I n p r a c t ice, most people seem to hold some intermediate 
p o s i t i o n . Even the most r i g i d believer i n Determinism tends 
to chastise his children f o r disobedience - thereby implying 
that perhaps they do have some free choice i n the way that 
they behave! The overwhelming view seems to be t h a t our 
everyday behaviour is^indeed,caused p a r t l y by external factor s 
and p a r t l y by i n t e r n a l f a c t o r s , and that these " f a c t o r s " can 
l e g i t i m a t e l y be construed e i t h e r i n physical or mental terms. 
I n the case of human behaviour, there seems to be a 
bewilderingly large number of " i n t e r n a l f a c t o r s " t h a t f u n c t i o n 
as p a r t i a l causes of everyday behaviour. To note t h i s f a c t , 
the English language contains such words as need, greed, 
i n t e l l i g e n c e , a b i l i t y , a p t i t u d e , d i s p o s i t i o n , a t t i t u d e , 
prejudice, taken-for-granted-assumptions, commitment, character 
t r a i t , presupposition, ideology, and so on. Any Thesaurus w i l l 
immediately reveal a whole l o t more of such t^rms, 
V/hat a l l these words have i n common i s that they a l l refer t o 
what might be described as " i n t e r n a l c o n t r o l l i n g influences" on 
everyday behaviour. One aim of Social Psychology i s to see 
whether such words - and the phenomena that they denote - can be 
systematised and theorised about i n f r u i t f u l ways. 
Clearly, the kinds of words j u s t l i s t e d a l l have d i f f e r e n t 
nuances of meaning. For example, prejudices tend t o be some-
what r e s i s t a n t (often i r r a t i o n a l l y r e s i s t a n t ) t o change. 
And they also tend to be s i t u a t i o n - s p e c i f i c or context s p e c i f i c . 
Thus a person who i s anti-Semitic i s a person who tends to 
behave i n a p a r t i c u l a r way toward 3ews. But a person who i s 
suspicious tends to be suspicious " r i g h t across the board." 
Suspicion i s a character t r a i t which i s less " s i t u a t i o n 
s p e c i f i c " - and that i s why i t tends to be called a character 
t r a i t , rather than (say) a prejudice. 
What, then, i s an a t t i t u d e ? An i n v e s t i g a t i o n of everyday usage 
supports the view th a t i t i s a f a i r l y general c o n t r o l l i n g 
influence on behaviour. I t i s also one tha t people can to 
some extent a r t i c u l a t e and be conscious of - although some 
th e o r i s t s do speak of people possessing unconscious a t t i t u d e s . 
However, i t i s important t o recognise that there i s no uniquely 
correct conception of a t t i t u d e waiting to be discovered. I t i s 
rather the case t h a t , w i t h i n l i m i t s which do not do too much 
i n j u s t i c e to commonsense usage, we are free t o define an 
a t t i t u d e i n any way that i s t h e o r e t i c a l l y promising. 
For the purposes of t h i s t h e s i s , there i s a textbook d e f i n i t i o n 
of ' a t t i t u d e ' which ~-.s well-regarded by a t t i t u d e researchers, 
and which happens to accord quite w e l l with the views th a t have 
j u s t been expressed. The d e f i n i t i o n i s due t o Milton Rokeach 
leading American a u t h o r i t y cn the su b j e c t ) , and i t appears i n 
his book, " B e l i e f s , A t t i t u d e s and Values" (published by Jossey-
Bass Inc., San Francisco, 1968). I t reads: 
"An a t t i t u d e i s a r e l a t i v e l y enduring organization of 
b e l i e f s around an object or s i t u a t i o n predisposing one 
to respond i n some p r e f e r e n t i a l manner." 
This d e f i n i t i o n has several merits. F i r s t of a l l , i t i s 
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consonant with the commonsense notion t h a t a t t i t u d e s are (or 
can be) important determiners of human acti o n . Secondly, i t 
leaves open ( i n a highly desirable way) c e r t a i n questions to do 
with the r e l a t i o n s h i p between behaviour and a c t i o n . I n 
p a r t i c u l a r , i t does not r u l e out the p o s s i b i l i t y of a t t i t u d e s 
a f f e c t i n g behaviour, or behaviour a f f e c t i n g a t t i t u d e s , or each 
a f f e c t i n g the other. T h i r d l y , i t points to a c r u c i a l 
connection with b e l i e f , and i t a d d i t i o n a l l y implies that 
a t t i t u d e s e x i s t i n c l u s t e r s , rather than i n i s o l a t i o n from one 
another. Some fu r t h e r implications of the d e f i n i t i o n are t h a t 
a t t i t u d e s make people more predictable to one another. In 
e f f e c t they act as b l i n k e r s , or as c o n s t r a i n t s / l i m i t a t i o n s on 
t h i n k i n g . F i n a l l y , the d e f i n i t i o n i s e n t i r e l y psychological. 
Unlike a better-known d e f i n i t i o n of A t t i t u d e by A l l p o r t (which 
r e f e r s to "neural states of readiness to respondent") the 
d e f i n i t i o n i s not contaminated with references to neural or 
physiological processes. The d e f i n i t i o n i s accordingly very 
well suited to the type of experimental enquiry described i n 
l a t e r chapters of t h i s t h e s i s . I n the present author's 
opinion, the Rokeaci; d e f i n i t i o n , when taken i n conjunction with 
the remarks th a t introduced i t , give an e n t i r e l y adequate 
account of how t h i s thesis t r e a t s the concept of ' a t t i t u d e . ' 
2.6. Having outlined the research problem i n Chapter 1, two 
p a r t i c u l a r areas have been examined, namely: a t t i t u d e s and 
pedagogic s t y l e together with the means by which the l a t t e r may 
be recorded. Although the i n t e n t i o n i s t o review s p e c i f i c 
areas, i t i s recognised t h a t some relevant research w i l l span 
two or more of them. One such piece of research i s that of 
Paul Gardner (Gardner 1975) which h i g h l i g h t s the rela t i o n s h i p s 
perceived to e x i s t between students' a t t i t u d e s t o physics and 
cer t a i n aspects of the teacher's personality and behaviour. 
Tenuous though these l i n k s appear t o be, they raise questions 
about the rela t i o n s h i p s between a t t i t u d e and perceived aspects 
of pedagogic s t y l e which the author w i l l endeavour to answer by 
his research. Gardner concludes t h a t teacher behaviours 
(aspects of pedagogic s t y l e ) may enter i n t o l a w f u l r e l a t i o n s h i p s 
with student variables i n general and student a t t i t u d e s i n 
p a r t i c u l a r . 
Gardner's work spans a f i v e year period from the presentation 
of his doctoral thesis "Attitudes of Physics" through a series 
of recent papers which consider some of the areas of i n t e r e s t 
f o r t h i s research. After spending a year on study leave i n 
England during 1973, Gardner published three papers i d e n t i f y i n g 
some rel a t i o n s h i p s relevant t o the U.K. arena of physics 
teaching. Some of the e a r l i e r papers consider data collected 
i n Australia and are, for a v a r i e t y of reasons, (not the least 
of which i s the c u l t u r a l difference) of dubious a p p l i c a b i l i t y i n 
the United Kingdom. The three papers i d e n t i f i e d make s p e c i f i c 
reference to physics education i n the U.K. and enabled the 
author to focus the a t t e n t i o n of t h i s research on a s p e c i f i c 
range of questions w i t h i n his area of i n t e r e s t and t o which 
ei t h e r no adequate answer had been previously provided or to 
which l i t t l e research e f f o r t had been devoted. The papers 
concerned were: "Research on Teacher E f f e c t s : C r i t i q u e of a 
t r a d i t i o n a l Paradigm" (Gardner, P.L. 1975 - The Journal of 
Social Psych. 95 pp. 91 - 97). 
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"Attitudes of PSSC Physics Students: Relationships with 
Personality and Teacher Behaviours." (Gardner, P.L, 1975 -
The Australian Science Teachers Journal v o l . 21 ( i ) pp. 75-85). 
These papers provide support f o r some of the views, and concerns, 
expressed by the author i n Chapter 1; consequently a b r i e f 
report of t h e i r content follows to i n d i c a t e how the questions 
framed as hypotheses i n Chapter 3 arose from the subjective 
comments i n Chapter 1 i n the l i g h t of t h i s (and other) research. 
2.7. The decline i n enrolments i n undergraduate physics courses 
was worldwide i n the early 1970s. I n B r i t a i n 2^00 u n i v e r s i t y 
science places were u n f i l l e d i n 1973/7^^, and the Daily 
Telegraph (10th. November 1973, p.5.) reported a predicted and 
complete h a l t i n a l l u n i v e r s i t y science b u i l d i n g programmes f o r 
a decade. In America the 1960 predictions (American I n s t i t u t e 
of Physics) of a large increase i n female phyr.ics students 
did not materialise and i n Australi a even those students who 
had opted to read physics displayed a sharp decline i n enjoyment 
of the subject during t h e i r course. (Gardner 1973). At the 
same time the physics enrolments i n A u s t r a l i a showed an 
absolute decline from 1971 onwards. Gardner concludes that i n 
many d i f f e r e n t countries, students are voting with t h e i r feet 
against the study of physics despite an enormous expenditure 
during a 20 year period cn the development of innovative physics 
c u r r i c u l a . 
Various w r i t e r s have t r i e d to explain t h i s state of a f f a i r s i n 
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terms of the poor »image* of physics (Ahlgren & Wallberg 1973), 
the countercLjlture's d i s t a s t e f o r science and technology 
(Rodzak 1969), the f a i l u r e of physics c u r r i c u l a to include 
s o c i a l aspects of science which are of i n t e r e s t to adolescents, 
p a r t i c u l a r l y females (Ahlgren & Wallberg, 1973), and the 
operation of economic forces outside the c o n t r o l of the science 
... educator (Reitz, 1973). 
The emergence of a number of "combined studies" degrees i n the 
l a t e 19705 (Smethurst, 1978) appears to be a consequence of the 
educational technologists of the time accepting the points made 
i n the papers c i t e d without questioning the p o s s i b i l i t y of a 
superordinate component or factor which may subsume some of the 
v a l i d , but perhaps r e l a t i v e l y i n s i g n i f i c a n t , explanations given 
Gardner focused h i s a t t e n t i o n on two areas, student a t t i t u d e s 
and teacher behaviours. (He uses "teacher beh.-»\/iours" i n much 
the same way as the author uses "pedagogic s t y l e " and the 
phrases may be, w i t h i n t h i s t h e s i s , interchanged). 
F i r s t , a study was conducted to i d e n t i f y r e l a t i o n s h i p s between 
p u p i l needs and p u p i l a t t i t u d e s to various aspects of t h e i r 
physics course. The re s u l t s suggested t h a t there i s not a 
strong tendency f o r students t o project t h e i r own personal 
a t t i t u d e s onto t h e i r classroom environment. Such a conclusion 
might be i n error due t o weaknesses of the Stern (Stern 1958) 
s t a t i s t i c a l approach which calculated c o r r e l a t i o n s between 
i n d i v i d u a l students f o r the t o t a l sample. I t i s conceivable 
t h a t there might be a strong c o r r e l a t i o n between a personality 
factor score f o r a student with a specified classroom 
3^ 
environment (note: a classroom environment i s part of a 
pedagogic p r o f i l e as defined) w i t h i n , but not between, student 
groups. This might mean that c e r t a i n types of student 
( c l a s s i f i e d by a t t i t u d e ) respondent w e l l to a given teacher's 
pedagogic s t y l e but because groups are usually arranged such 
tha t they consist of mixed a t t i t u d e common a b i l i t y groups the 
classrooms would mask such r e l a t i o n s h i p s . 
Gardner concludes t h a t students who are compulsively orderly 
tended to rate t h e i r teacher higher on the corresponding scale, 
nurturant students perceived t h e i r teachers as more nurturant, 
students who see themselves as well-organised tended to 
describe t h e i r teachers i n s i m i l a r terms and those who are 
interested i n developing t h e i r understanding of a f i e l d tended 
to see t h e i r teachers as promoting t h i s o b j e c t i v e . 
This l a s t observation led to the second kind of study r e l a t i n g 
to the e f f e c t s of teacher behaviours t o student outcomes. 
Assuming that the instruments are r e l i a b l e a zero c o r r e l a t i o n 
between the teacher Lehavicur ( i . e . aspect of pedagogic s t y l e ) 
and the student outcome implies that the teacher behaviour being 
studied does not a f f e c t the students i n any meaningful way. 
Tlv-. rrscarch concludes t h a t teacher behaviours and p u p i l out-
comes ( f o r which one might read: pedagogic sty l e s and changes 
i n the a f f e c t i v e and cogn i t i v e domains of the learners) may 
enter i n t o l a w f u l r e l a t i o n s h i p s with one another, the nature of 
the relationships being d i f f e r e n t f o r d i f f e r e n t kinds of student, 
The r e s u l t s strongly suggest that instead of grouping students 
i n terms of a b i l i t y (however measured), one might bring 
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together ( i n a single group) a l l students who share a s i m i l a r 
preference for a p a r t i c u l a r kind of pedagogic s t y l e and that 
such a strategy might prove b e n e f i c i a l . 
2.8.1. Having i d e n t i f i e d the general areas of i n t e r e s t as 
specified i n Chapter 1, the author was able to d i r e c t a t t e n t i o n 
i n the l i t e r a t u r e review to two s p e c i f i c regions which enabled 
a research programme to be specified which was based on a 
foundation of e x i s t i n g knowledge and sought to answer the 
questions seen as unanswered. These two regions were, a t t i t u d e 
measurement and recording of pedagogic s t y l e s . Methodological 
strategies i n connection with these two areas would also be 
reviewed. 
2.8.2. I n addition to Gardner's work substantial q u a n t i t i e s of 
research have been conducted on a t t i t u d e to physics and a t t i t u d e 
measurement i n general. 
Walberg (Walberg, H.S. 1967) developed an inventory 
s p e c i f i c a l l y relateo to physics, w h i l s t many other researchers 
are interested i n a t t i t u d e s to science. (Laughton & Wilkinson 
1973; 1978 & 1970; Hayer 1963 & 1959; Aiken & Aiken 1969; 
Tl-MiT"^.? 1970; Ahlgren & Walberg 1973; Wicke & Yager 1966; 
Selmes 1971; Perrodin 1966; Ormerod 1973; Ormerod 1971). 
These researchers a l l used a t t i t u d e as one variable i n t h e i r 
studies, many developed t h e i r own instruments w h i l s t some 
adopted or adapted the instruments of others. The important 
observation that the author would wish to h i g h l i g h t from a l l of 
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the work reviewed i s not methodological considerations of 
a t t i t u d e measurement, but the importance attached to a t t i t u d e , 
as a variable, by a wide range of respected researchers. 
Quite c l e a r l y , the l a s t decade has provided increasing awareness 
of the need t o consider a t t i t u d e s when i n v e s t i g a t i n g the 
teaching-learning process. 
Turning now to a t t i t u d e inventories, i t was considered 
important to review l i t e r a t u r e outside the s p e c i f i c research 
i n t e r e s t of a t t i t u d e to physics. A t t i t u d e measurement 
represents an area of psychological research from which lessons 
may be learnt and subsequently applied to the s p e c i f i c problem 
i n hand, namely adopting an a t t i t u d e inventory f o r t h i s research 
The standard references f o r p r a c t i t i o n e r s make a useful approach 
to the problem. Amongst those Scott (1968), Oppenheim (1966), 
Waite (1961) and Edwards (1957) provide the intending cvaluator 
of student a t t i t u d e s with methodological bases for f u r t h e r work. 
A major weakness of such standard works i s the rather super-
f i c i a l treatment given to the philosophical problems associated 
with a t t i t u d e inventory design. Sherif, Sherif and Hebergall 
(1965) and McGuire (1969) provide a rather more s c i e n t i f i c 
appraisal of the problems inherent i n a t t i t u d e inventory design 
;v!'.ilL- other researchers look at s p e c i f i c areas of importance. 
Amongst the l a t t e r category are: OsGood and Tannenbaum (1955) 
who consider the p r i n c i p l e of congruity i n the p r e d i c t i o n of 
a t t i t u d e change, Heider (19if6) whose i n t e r e s t focuses on 
cognitive organisation, Chein (19^S) and Doob (19^7) who debate 
the b e h a v i o u r i s t - c o g n i t i v i s t dichotomy and Cook and S e l l t i z 
(196^) with t h e i r m u l t i p l e i n d i c a t o r approach to a t t i t u d e 
37 
measurement. 
2.8.3. The l i t e r a t u r e review was not r e s t r i c t e d exclusively to 
a t t i t u d e measurement i n the d i s c i p l i n e of physics. The review 
aimed at i d e n t i f y i n g the kind of inventory most su i t a b l e f o r an 
i n v e s t i g a t i o n of the research hypotheses rather than endeavouring 
to f i n d an inventory containing s u i t a b l e elements f o r d i r e c t 
adoption. To achieve t h i s end i t was found t h a t e x i s t i n g 
inventories could be c l a s s i f i e d i n t o four categories. F i r s t l y , 
those designed f o r p a r t i c u l a r types of student, e.g. Harrison 
(1971), Brown & Davis (1973). Secondly, those wishing to 
measure a t t i t u d e to a p a r t i c u l a r s p e c i f i e d change i n the 
learning environment, such as Finchs (1969) instrument to 
measure student a t t i t u d e toward i n d i v i d u a l i s e d and laboratory 
i n s t r u c t i o n . T h i r d l y , those considering only some aspects of 
the T:otal a t t i t u d e as exemplified by the scales of Laughton & 
Wilkinson (1973) and Bollen (1972). F i n a l l y , the inventories 
purporting to measure the ' t o t a l a t t i t u d e ' of the respondent 
towards the ' t o t a l d i s c i p l i n e * concerned, e.g. Coon (1969), 
Skurnik and aeffs (j971) and Gardner (197£|-),of these, Gardner 
alone was responsible f o r an inventory s p e c i f i c a l l y designed 
f o r the d i s c i p l i n e of physics. The author, presented with the 
choice of e i t h e r adopting the Gardner PAX (Physics A t t i t u d e 
Inventory) or designing his own, decided t o develop a new 
instrument. The r e j e c t i o n of Gardner's instrument did not 
imply a lack of confidence i n the manner i n which the PAI was 
developed, i n f a c t the contrary view i s more appropriate. The 
r e j e c t i o n was based on the problems associated w i t h using an 
instrument i n Great B r i t a i n ivhich had been developed using 
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respondents from an a l i e n c u l t u r e ( A u s t r a l i a ) , and of an age 
group d i f f e r e n t from respondents i d e n t i f i e d f o r t h i s research. 
Adoption of PAI would have necessitated a n g l i c i s i n g and 
p i l o t i n g the instrument, i n f a c t , the whole process would have 
represented l i t t l e saving of resources over the chosen 
a l t e r n a t i v e of developing a new scale. 
2.8.^. Of the four types of inventory f o u n d ^ i t became increasingly 
clear from the research c i t e d t h a t an inventory measuring a 
l i m i t e d number of pre-specifled a t t i t u d i n a l f a c t o r s which may be 
combined t o form a composite score would be the most appropriate 
type of instrument i n order to investigate the areas i d e n t i f i e d 
i n Chapter 1. As w i l l become evident l a t e r , four such factors 
proved t o be important i n t h i s research: Exam o r i e n t a t i o n ; . 
Pr a c t i c a l Orientation; I n t r i n s i c motivation; and Personal 
Pleasure from Physics. 
2.9.1. The second area of l i t e r a t u r e review was t h a t of pedagogic 
s t y l e and how i t may be recorded. 
Whilst the term pedagogic s t y l e has not been widely used by 
other researchers, there have been many studies looking at the 
teacher r o l e i n the teaching-learning s i t u a t i o n . Many of 
are relevant to t h i s study. Armidon and Flanders (1963) 
consider the r o l e of the teacher i n the classroom w h i l s t Bales 
(1950) concentrates on the i n t e r a c t i o n process occuring i n the 
teaching-learning s i t u a t i o n . Wherever 'pedagogic s t y l e ' or 
si m i l a r terms are used, almost without exception some form of 
. evaluation i s implied. Some researchers f o l l o w i n g the lead set 
39 
by Stufflebeam (1968) watered down the concept of 'evaluation* 
by c a l l i n g i t "information f o r decision making." This could be 
interpreted e i t h e r as containing a judgement or of being non-
committal, e.g. a de s c r i p t i v e account. However, those who 
support descriptive "evaluations' (amongst whom the author would 
be named) are not.so naive as t o suppose th a t judgements are no 
" part of t h e i r work, but they are more interested i n i l l u m i n a t i n g 
possible judgements rather than recommending them. 
With some notable exceptions, such as Mollet (1977), most 
'evaluations' of the teaching s i t u a t i o n are attempts to specify 
good or bad examples, whatever they may be, with the de s c r i p t i v e 
i l l u m i n a t i v e approach f i n d i n g l i t t l e support amongst academics. 
Clearly, the expressed i n t e n t i o n of using j u s t such an approach 
i n t h i s research project w i l l need to be j u s t i f i e d i f i t i s t o 
be academically c r e d i b l e . Such discussion i s included i n l a t e r 
chapters illuminated by the fo l l o w i n g extensicn of the l i t e r a t u r e 
survey to include rather more s p e c i f i c methodological studies. 
2.9.2. The problem raised by the l i t e r a t u r e reviewed i n paragraph 
'2.9.1. was related to the competing paradigms w i t h i n educational 
research. Power (1976) considers t h i s problem and i d e n t i f i e s 
three paradigms. The ' A g r i c u l t u r a l - S c i e n t i f i c ' paradigm i s 
analogous to the 'evaluative experimental' approach. The idea 
i s t h a t one can u t i l i s e the powerful i n t e l l e c t u a l and 
s t a t i s t i c a l tools of the sciences i n studying educational, as w e l l 
as n a t u r a l , phenomena. This i s .a l o g i c a l outcome of the success 
story of science. This paradigm implies t h a t , t o be worthwhile, 
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a l l educational research should be objective, e m p i r i c a l , 
nomothetic, and value-free; and that well-designed empirical 
studies w i l l u l t i m a t e l y uncover the laws governing human 
behaviour. The contrary view implies t h a t d e s c r i p t i v e 
evaluations stemming from a phenomenological approach can 
provide equally worthwhile outcomes. Power agrees, but divides 
the view i n t o two d i f f e r e n t paradigms. F i r s t l y the anthropo-
l o g i c a l paradigm encompassing ethnographic approaches to 
research and, secondly, the philosophical paradigm. The f i r s t 
of these i s the tru e phenomenological approach which^at i t s 
extreme^demands th a t the researcher does extensive f i e l d work i n 
the problem s e t t i n g of a kind which allows him t o become a 
p a r t i c i p a n t observer rather than a detached manipulative 
researcher, c o n t r o l l i n g and measuring people and events. The 
second i s that which a t t r a c t s the author's support and which 
lends credence t o the approach proposed and adopted f o r t h i s 
study. The philosophical paradigm claims t h a t t o explain i s 
to analyse the incomprehensible i n t o simpler, more under-
standable components, and to show how these components are i n t e r -
r e l a t e d . Kaplan (!'96'^ ) and Scriven (1966). Such research 
provides support f o r the author's approach to the problem. The 
commonsense everyday knowledge of the research subjects i s the 
prime source of data and, i t i s the cognitive s t r u c t u r e of the 
respondent to which one has to d i r e c t i n v e s t i g a t i o n without the 
imposition of external c r i t e r i a or b e l i e f s i n the s u p e r i o r i t y of 
academic knowledge. Young (1971). Having established the 
c r e d i b i l i t y of such an approach from the l i t e r a t u r e , i t s t i l l 
remains to consider research based upon such a philosophy f o r 
the i n v e s t i g a t i o n of pedagogic s t y l e w i t h i n the d i s c i p l i n e of 
physics. Such i n v e s t i g a t i o n i s rewarding, f o r both the depth 
and breadth of such studies enables the perceptive reader to 
I d e n t i f y or explore t h e i r weaknesses and strengths. Six 
studies can be i d e n t i f i e d as representative of t h i s area, namely: 
Gardner (197^), research on teacher e f f e c t s ; Reed (1961), w i t h 
teacher variables of warmth, demand and u t i l i s a t i o n of i n t r i n s i c 
motivation related t o science i n t e r e s t s ; Horsby-Smith (1973), 
styles of teaching and t h e i r influence upon the i n t e r e s t of 
students i n science; Shavelson (1970), some aspects of the 
r e l a t i o n s h i p between content s t r u c t u r e and cognitive structure 
i n physics i n s t r u c t i o n ; E l l i o t t (1971), perceptions of high 
school physics and physics teachers; and Mackay (1971), changes 
on a f f e c t i v e domain objectives during two years of physics study. 
Each of these studies considered alone provides valuable i n s i g h t s 
i n t o pedagogic styles adopted by physics teachers. Considered 
together, the importance of pedagogic s t y l e r e l a t i v e to the 
learning of physics students becomes very evident but a t the 
same time, these researchers have shown no commonality of 
technique i n the i d e n t i f i c a t i o n of p a r t i c u l a r pedagogic s t y l e s . 
I n the l a t t e r respeo;;, these reports may appear t o c o n t r a d i c t 
one another, but i n practice i t i s not c o n t r a d i c t i o n , but a 
question of apparent c o n f l i c t which stems from the use of 
d i f f e r e n t s t a r t i n g points and inconsistent d e f i n i t i o n s of 
pedagogic s t y l e between researchers. The hypotheses speci f i e d 
i n Chapter 3 are framed to c l a r i f y these c o n f l i c t s and to 
provide a means of viewing physics teaching i n a systematic and 
consistent manner. (See also Rothman,'Welch and Walker (1969), 
Arbib and Henscombe (1972), Handley and Bledsoe (1967/68)). 
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2.9.3. The l i t e r a t u r e reviewed i n paragraph 2.9.2. enables a 
philosophy to be adopted, but also creates the need t o develop a 
methodology appropriate t o the problem, concerned w i t h the tenets 
of the chosen philosophy, and acceptable i n terms of p r a c t i c a l 
a p p l i c a t i o n . This problem has already been encountered i n 
a t t i t u d e measurement, but now needs t o be reconsidered with 
respect t o recording pedagogic s t y l e s . I n order to achieve t h i s 
end, relevant l i t e r a t u r e can.be consulted t o ascertain how 
si m i l a r problems have been solved by other researchers and 
hence t o deduce an appropriate strategy f o r t h i s research. 
The teaching-learning process i s described by Fenker (1975) i n 
terms of a simple communication model with four components; the 
sender, the encoding s t r u c t u r e , the decoding s t r u c t u r e and the 
dest i n a t i o n . Clearly, the 'pedagogic s t y l e ' of the teacher 
encompasses the f i r s t two aspects, but the teacher's behaviour 
(and hence his pedagogic s t y l e ) w i l l be affecteo by his knowledge 
of the l a t t e r two. I n simple terms t h i s states t h a t i n 
adopting a p a r t i c u l a r s t y l e , a teacher w i l l e i t h e r o v e r t l y or 
co v e r t l y assess h i s expectations of ant i c i p a t e d student 
responses. Such r e l a t i o n s h i p s are i d e n t i f i e d i n the work of 
Weick (1968), Festinger (1957), and Shavelson (1972). Many 
useful techniques have been developed which f a l l w i t h i n t h i s 
.area and taken i n t o consideration the t o t a l cognitive proccr.s. 
A number of these are mentioned i n a book e n t i t l e d "Evaluating 
teaching i n Higher Education" (U.T.M.L. 1976). Whilst t h i s 
considers research conducted i n Great B r i t a i n i t does rather 
neglect American research. Bailey (1977) at Kansas State 
University developed a means of recording pedagogic s t y l e which 
did not impose c r i t e r i a upon the teacher, but having used t h i s 
technique, he then adopted the emergent factors as c r i t e r i a t o 
be behaviourably applied i n subsequent attempts t o record 
pedagogic s t y l e I 
2.9,4. Two techniques emerge from the l i t e r a t u r e as providing an 
appropriate means of recording pedagogic s t y l e . 
These are Kelly's Repertory Grid and Osgood's Semantic 
d i f f e r e n t i a l . Frankly, close examination of some studies using 
one or other of these techniques would r e s u l t i n the reader 
being unable to decide which was being applied, as both systems 
have been extensively adopted, and often approach one another 
very closely. Largely f o r the reasons specified by Kelly (1955) 
the rep-grid technique would seem t o be best suited t o the 
demands of t h i s p r o j e c t , A consideration of the rep g r i d 
technique i s made i n Chapter 6 and i t s use i n education i s 
discussed below. 
The work of Tho mas a t Brunei University has done much to extend 
the scope of the technique. The l i t e r a t u r e raises some rather 
important questions, the f i r s t of which i s the a p p l i c a b i l i t y of 
repgrids to c e r t a i n types of respondent. Children do not 
respond w e l l to the technique ar/J researchers, such as Cashdan 
.and Philps (1978) using types of repgrid with young respondents 
have had t o abandon the technique i n favour of more ' t r a d i t i o n a l ' 
f ree-flowing interview techniques. However, support f o r the 
use of repgrids can be obtained from the work of Applebee (1976) 
working at Goldsmiths College on the development of childrens 
response to repertory g r i d s . The evidence shows the post 16 
year old students respond w e l l t o the technique. 
A second question r e l a t e s t o the use of repgrids i n the 
respondents' semantic competence i n d i s t i n g u i s h i n g the concepts 
'same* and ' d i f f e r e n t . ' I t should be noted t h a t Glucksberg 
(1976) has investigated t h i s problem and concluded t h a t the 
generally expressed concerns are unfounded. A contrary view i s 
expressed i n a book e n t i t l e d 'Opposites.' No review of 
repertory g r i d l i t e r a t u r e could exclude Bannister and Mair 
(1969) who have provided a f i r s t and most useful handbook f o r 
the p o t e n t i a l user of repertory g r i d s , together with follow-up 
publications (e.g. Bannister & Fransella 1977). 
Only one technique appears t o have ever used repertory grids as 
a means of i d e n t i f y i n g and recording pedagogic s t y l e . This i s 
the "Tuckman teachtr feedback form" developed by Tuckman (1976), 
Kelly's theory of personal constructs explains the underlying 
purpose of the TTFF. Both teacher and observer use personal 
constructs, conceived as bipolar a d j e c t i v e p a i r s , t o i n t e r p r e t 
or construe the r e a l i t y of the classroom. Thus, using a set 
of r e l a t i v e l y unstructured dimensions, observers can report 
t h a t construction of r e a l i t y to represent a pict u r e of how the 
teacher i s behaving, i n othe'ir W O T I I S the TTFF accepts Kelly's 
argument t h a t r e a l i t y i s a construction of the observer and so 
presents a means of e l i c i t i n g and describing an observer's 
construction of a teacher's behaviour. Tuckman w h i l s t s t a r t i n g 
from a useful base ends up with s p e c i f i c a t i o n of 28 behavioural 
c h a r a c t e r i s t i c s which can then be d i r e c t l y applied. 
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The second i n t e r n a t i o n a l conference on Personal Construct Theory 
held a t Oxford i n 1977 included a v a r i e t y of attempts to record 
pedagogic s t y l e . Apart from Pope (1977) and Keen (1977) a l l 
the other attempts used the repgrid as a means of producing 
c r i t e r i a which may be behaviourally applied when appraising 
teachers. (See proceedings of 2nd. I n t e r n a t i o n a l Conference on 
-r Personal Contact Theory). The author has chosen t o develop an 
application of the repertory g r i d which i s not so constrained, 
and depicts the pedagogic s t y l e as perceived by the respondent, 
free from external c r i t e r i a . 
All ^Mimi ^mAiin 
THE RESEARCH HYPOTHESIS 
47. 
3.1. Chapter 1 includes a comment of Claude Bernard, s t a t i n g t h a t , 
i n his view, a hypothesis i s the obligatory s t a r t i n g point f o r 
a l l experimental reasoning, Without i t , no i n v e s t i g a t i o n would 
be possible and one would ]earn nothing; one could only p i l e up 
barren observations. To experiment without preconceived ideas, 
i s to wander aimlessly. I t i s , however, important to be aware 
of what one's preconceived ideas are i n order t o avoid the 
i n j e c t i o n of unconscious bias. I n t h i s chapter, i t i s the 
author's i n t e n t i o n t o r e f i n e the views expressed i n paragraph 
1.1, i n order that they may be stated as s p e c i f i c hypotheses, 
which w i l l be investigated i n t h i s research p r o j e c t . 
3.2. One possible approach t o t h i s research would be t o use an 
'experimental' design where a d i r e c t r e l a t i o n s h i p between the 
independent v a r i a b l e , pedagogic s t y l e , and the dependent 
var i a b l e , a t t i t u d e , could be investigated, i . e . a change i n the 
l a t t e r could be a t t r i b u t e d t o a change i n the former. 
Although, i n theory, such an experimental approach i s possible, 
i t i s not seen by the author as appropriate f o r a v a r i e t y of 
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reasons. Perhaps the most important objection i s the covert 
inference of - a d i r e c t i o n of cau s a l i t y which i s by no means w e l l 
established i n the l i t e r a t u r e (Cronbach and Snow 1977). A 
GC^cor.d and p r a c t i c a l problem i s the nature of pedagogic s t y l e . 
By d e f i n i t i o n t h i s i s a m u l t i v a r i a t e f a c t o r of such a nature 
that i t would be d i f f i c u l t t o i d e n t i f y groups of respondents 
each e x h i b i t i n g the same pedagogic s t y l e . 
The chosen research approach, therefore, i s a comparative study 
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conducted i n the present dimension where respondents may be 
c l a s s i f i e d i n t o groups by e i t h e r an a t t i t u d e score, over a l l 
f a c t o r s , or by t h e i r score on each of four factors of t h e i r 
a t t i t u d e to physics. Thus, although the a t t i t u d e inventory 
developed i s i n f a c t m u l t i v a r i a t e (four f a c t o r s ) , the 
c o n t r i b u t i n g factors are e a s i l y i d e n t i f i e d f o r each respondent 
who w i l l have a score on each. This i s not the case with 
pedagogic s t y l e where the f a c t o r s c o n t r i b u t i n g t o a respondent's 
perceived pedagogic s t y l e may be unique t o him. 
3.3. Pedagogic s t y l e may then be recorded f o r each i n d i v i d u a l 
respondent i r r e s p e c t i v e of whether they are students or 
teachers i n one or more of the f o l l o w i n g forms, ( I t can be 
argued, and indeed i s i n Chapter 5, th a t even although a 
respondent may be devoid of a l l knowledge of 'teaching s k i l l s * 
he s t i l l has a perception of what a given teacher, or a 
hypothetical ideal teacher 'does.' This formal description of 
what a teacher 'does' i s defined as a perceived pedagogic 
s t y l e ) . 
i ) The pedagogic s t y l e I believe I would adopt when 
teaching physics i n a given s e t t i n g , 
i i ) The pedagogic s t y l e I believe t o be the most e f f e c t i v e 
i n the same teaching-learning s e t t i n g as ( i ) above, 
i i i ) The pedagogic s t y l e I believe would be the most 
i n e f f e c t i v e i n the same teaching-learning s e t t i n g as 
( i ) above. 
The pedagogic styles i d e n t i f i e d can then be compared between 
respondents c l a s s i f i e d previously as s i m i l a r by a t t i t u d e . 
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S i m i l a r i t i e s and differences can be i d e n t i f i e d and q u a n t i f i e d , 
and composite group p r o f i l e s computed f o r "between-group" 
analysis. Details of the mechanism f o r such analysis i s given 
i n Chapters 4, 5 and 6. 
3.3.1- I t needs to be made e x p l i c i t t h a t the author considers the 
i n v e s t i g a t i o n t o be of value i n terms of providing a means by 
which p r a c t i s i n g teachers of physics i n higher education may 
view the arena i n which they operate. I n his progression 
through the process of research the author adopted a method-
ology which i n i t s e l f proved t o be a mechanism f o r r a i s i n g 
perceptual awareness and as a consequence t h i s 'means' aimed to 
achieve i n some measure the 'ends* specified f o r the research. 
Indeedyone of the many strengths of the repertory g r i d based 
methodology i s i t s r e l a t i v e p r o t e c t i o n from 'unconscious bias.' 
Work by other researchers has shown tha t the intended 
consistent biasing of g r i d scores proves to be almost 
impossible t o achieve. (Reid 1976). Respondents to a g r i d 
intending t o e l i c i t reasons f o r m a r i t a l problems often attempt 
to conceal r e a l c o n t r i b u t i n g f a c t o r s . Such respondents f r e e l y 
admit i n feedback sessions t h a t t h e i r attempts a t concealment 
were f r u i t l e s s . Whilst t h i s r e l a t e s t o a conscious attempt a t 
biasing, research evidence i s avai l a b l e from the wide range of 
a c t i v i t i e s researched using repertory g r i d based methodologies 
' t h a t bias unconsciously introduced i s made e x p l i c i t by the 
analysis^and respondents are compelled to admit t h a t the feed-
back data makes e x p l i c i t f a c t s they now r e a l i s e to be true^but 
which had h i t h e r t o not been apparent to them, thus unconscious 
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bias and conscious bias, w h i l s t possible, almost always 
becomes apparent from the analysis. Thus the methodology 
emerged as a strong instrument f o r achieving the research 
objectives as i t coll e c t e d data i n the respondent's terms 
unclouded by unconscious bias and i n i t s e l f r a i s i n g perceptual 
awareness of the problem. Such was the emergent strength o f 
the instrument developed, the author used i t , almost unmodified, 
as a teaching appraisal t o o l c a l l e d by the acronym TARGET. 
(Teaching Appraisal by Repertory Grid E l i c i t a t i o n Techniques). 
This i s described i n Chapter 9. (The author was the 
o r i g i n a t o r of the TARGET project and then operationalised the 
system as a part of his employment with Hopwood, who 
contributed to the national operations aspect). However, at 
t h i s p o i n t , the author would wish t o stress t h a t t h i s thesis 
describes an i n v e s t i g a t i o n of pre-specified hypotheses many of 
which are c l e a r l y 'newsworthy* ( t o use Poppers terminology) i n 
that they do not r e j e c t the views popularly held by p r a c t i s i n g 
teachers of physics i n higher education (see Chapter 9 )• 
3.^. The research aims to provide a s t a t i c p i c t u r e ol physics 
teaching i n i n s t i t u t i o n s of f u r t h e r and higher education i n the 
period 1975 to 1979. Hence the use of the phrase ' i n the 
present dimension' i n paragi-^aplj 5.3» Furthermore, i t w i l l oe 
possible to observe the perceptions of both teachers and 
students with respect t o what pedagogic s t y l e represents the 
most e f f e c t i v e approach i n a given teaching-learning s i t u a t i o n . 
As a c r i t i c a l comparative survey the research does not intend 
to prescribe changes i n pedagogic s t y l e , but by i d e n t i f y i n g 
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possible areas of c o n f l i c t between teachers and learners, the 
findings may assist p r a c t i t i o n e r s i n the f i e l d t o perceive t h e i r 
teaching as others see i t . I n other terms i t w i l l make 
e x p l i c i t those peer group values which so often remain 
undisclosed to those outside of the c u l t u r e from which they were 
generated. 
The major research aim can be s p e c i f i e d , namely t h a t of 
producing a research report relevant t o , and accurately 
representative of physics teaching i n FE/HE during the 1975 t o 
1979 period. The research problem therefore i s to look i n 
d e t a i l at the way i n which d i f f e r e n t teachers of physics play 
t h e i r r o l e i n f a c i l i t a t i n g learning i n t h e i r students, and to 
i d e n t i f y the ways i n which d i f f e r e n t observers (teachers, 
physics teachers and physics students c l a s s i f i e d by a t t i t u d e 
f actors) perceive these pedagogic inputs. 
The research i s not intended t o be p r e s c r i p t i v e and so any 
conclusions may be open t o the c r i t i c i s m 'so what?' The author 
would defend his stance by s t a t i n g his personal i n t u i t i v e b e l i e f , 
which, (due to the f a c t that no research has been undertaken i n 
the area), i s not supported by research evidence, t h a t many 
teachers of physics are s k i l l e d p r d Ctitioners with a wide 
reper t o i r e of pedagogic s k i l l s . Their pedagogic s t y l e , does 
not, i n his experience, often change once established, perhaps 
due to a lack of information regarding h i s student and peer 
perceptions of what he i s doing. I f , however, an analysis of 
the data collected i n r e l a t i o n t o the hypotheses enables any 
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p r a c t i t i o n e r to i d e n t i f y d i f f e r i n g pedagogic preferences,it may 
we l l be w i t h i n the competence of many teachers t o explore the 
e f f e c t s of changing t h e i r own pedagogic p r o f i l e towards th a t 
perceived as more e f f e c t i v e by t h e i r students who can be seen t o 
e x h i b i t s i m i l a r a t t i t u d e s to those i n the data producing sample. 
I t should be noted t h a t a perceived e f f e c t i v e pedagogic s t y l e 
may be LESS e f f e c t i v e than one considered rather i n e f f e c t u a l , 
but i f t h i s i s so (and i t w i l l depend on the way i n which 
effectiveness i s defined, v i z . Sayer 1977 & G i l b e r t 1978) the 
teacher concerned w i l l be able to question h i s s t r a t e g i e s from 
a po s i t i o n of raised perceptual awareness with a communication 
channel available betv/een himself and his students based on the 
overt statement of t h e i r d i f f e r i n g perceptions of what 
constitutes an ' e f f e c t i v e pedagogic s t y l e . ' I r r e s p e c t i v e of 
the way i n which an e f f e c t i v e pedagogic s t y l e i s defined or 
interpreted by d i f f e r i n g groups there may be compelling 
reasons f o r assigning students t o learning groups by d i f f e r e n t 
c r i t e r i a than academic p o t e n t i a l (however measured) which i s 
commonly used a t the present time. Thus the hypotheses have 
been framed i n such a way as to f a c i l i t a t e the production, 
a f t e r data analysis, of a descriptive report concerned with the 
questions raised i n Chapter 1 and i n r e l a t i o n t o the foundation 
of knowledge extracted from t^.c review of the l i t e r a t u r e i n 
Chapter 2. Methodological, and sampling s t r a t e g i e s are 
considered i n d e t a i l i n foll o w i n g chapters. 
3.^.1. Cronbach and Snow (1977) i n t h e i r ATI studies (Aptitude and 
Treatment I n t e r a c t i o n ) considered some s i m i l a r problems from a 
rather d i f f e r e n t perspective. Their concern was matching 
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aptitudes t o treatments i n three ways, a l l assuming i n d i v i d u a l 
students and ignoring social-psychological f a c t o r s operating 
at group l e v e l : c a p i t a l i z a t i o n of strengths; compensation and 
remediation. The author's approach d i f f e r s i n two major 
respects, from the ATI approach F i r s t l y , the group 
factors are not ignored, indeed they are promoted t o a high 
" l e v e l of significance as i t i s believed by the author th a t 
group i n t e r a c t i o n s do e f f e c t learning and secondly, the 
emphasis i s placed not on i n d i v i d u a l learning differences 
(which are acknowledged t o e x i s t ) but on common group 
perceptions of e f f e c t i v e pedagogy, thus demanding changing of • 
pedagogic procedure on the part of practitioner/teacher i n 
order to achieve increased effectiveness. The author does 
not, however, r e f u t e the importance of i n d i v i d u a l i z e d learning 
and has expressed a t r i a d i c d i s t r i b u t i o n not too d i s s i m i l a r to 
that made by Cronbach and Snow (1977) i n his poper w i t h 
Reid (1976) e n t i t l e d Guided Learning. His c l a s s i f i c a t i o n s 
were (a) remedial, (b) supportive and (c) extending, and t h i s 
matches the Cronbach terms (a) 'remediation', (b) compensation' 
and (c) ' c a p i t a l i z a t i o n of strengths' respectively. 
3.5. The hypotheses 
3.5.1. A t t i t u d e to physics, measured by the a t t i t u d e t o physics 
inventory t o t a l score i f appropriate, (and on each independent 
fa c t o r i f composite scoring i s inappropriate), w i l l be more 
po s i t i v e f o r teachers of undergraduate physics than f o r f i r s t 
year undergraduate students of physics. 
5^-
3.5.2. A t t i t u d e s to physics, measured by the a t t i t u d e t o physics 
inventory t o t a l score i f appropriate (and on each independent 
f a c t o r i f composite scoring i s inappropriate) w i l l be more 
p o s i t i v e f o r f i r s t year undergraduate students of physics 
than f o r academic teaching s t a f f from d i s c i p l i n e s other than 
physics. 
3.5.3. F i r s t year undergraduate students of physics w i l l be more 
p o s i t i v e l y orientated towards the requirements of an 
examination, measured by Factor A (examination o r i e n t a t i o n ) of 
the a t t i t u d e s physics inventory, than w i l l teachers of under-
graduate physics. 
3.5.A-. Teachers of undergraduate physics w i l l e x h i b i t a more 
po s i t i v e o r i e n t a t i o n towards p r a c t i c a l work, i n t r i n s i c 
motivation and obtaining pleasure from physics i n s t r u c t i o n , 
measured by the three respective f a c t o r s fron' the a t t i t u d e t o 
physics inventory, than w i l l f i r s t year undergraduate students 
of physics. 
3.5.5. There w i l l be a s i g n i f i c a n t difference between the p o s i t i v e 
a t t i t u d e and negative a t t i t u d e respondents of a l l three 
categories, and on a l l four f a c t o r s , i n the way i n which they 
corporately perceive and categorise observed teaching acts on 
c r i t e r i a associated w i t h effectiveness of teaching, i d e n t i f i e d 
by a s t a t i s t i c a l comparison of element vectors and 
su b j e c t i v e l y by the respondents* verbal constructions 
associated with the p r i n c i p a l components i n the construct space 
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of the appropriate respondent sub-group. 
3.5.6. There w i l l be a greater p o s i t i v e c o r r e l a t i o n between the 
perception and c l a s s i f i c a t i o n of observed teaching episodes 
by teachers of physics and students of physics when respondents 
with s i m i l a r a t t i t u d e s are compared than when d i f f e r i n g a t t i t u d e 
groups are compared. 
3.5.7. The corporate perceptions and categorisations of observed 
teaching episodes, against e f f e c t i v e teaching c r i t e r i a , by each 
of the classes of respondent w i l l show greater s i m i l a r i t y 
between students of physics, than any s i m i l a r i t y between any 
other two groups. The comparison w i l l be made o b j e c t i v e l y by a 
s t a t i s t i c a l comparison of element vectors and, where s i g n i f i c a n t 
r e l a t i o n s h i p s are seen to e x i s t , by l i s t i n g construct labels as 
used by each class of respondent respectively. 
3.5.8. F i r s t year undergraduate students of physics formed i n t o 
groups by t h e i r score on each component f a c t o r w i t h i n the 
a t t i t u d e to physics inventory (four f a c t o r s ) w i l l e x h i b i t a 
commonality of perception, when categorising observed teaching 
episodes against pedagogic effectiveness c r i t e r i a , between 
common a t t i t u d e groups across f a c t o r s t o a greater extent than 
between d i f f e r i n g a t t i t u d e groups w i t h i n f a c t o r s . 
3.5.9. Positive a t t i t u d e respondents from each component f a c t o r , 
w i l l e x h i b i t a greater 'acceptance range' measured by a lower 
rate of decline of Eigen values generated from a p r i n c i p a l 
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component analysis of the respondent's grids wi t h common 
element samples, than w i l l the negative a t t i t u d e comparison 
group. 
3.5.10. Teachers of undergraduate physics w i l l e x h i b i t a greater 
•acceptance range' measured by a lower rat e of decline of 
Eigen values generated from a p r i n c i p a l component analysis of 
the respondents' grids wi t h common element samples, than w i l l 
the student category of respondents5 who w i l l themselves 
e x h i b i t a greater acceptance range than teachers of subjects 
other than physics. 
3.5.11. An appraisal of the constructs used by respondents i n 
completing t h e i r g rids w i l l show t h a t f o r teachers of under-
graduate physics the r a t i o of d i s c i p l i n e orientated constructs 
to pedagogy orientated constructs w i l l be greater than f o r 
e i t h e r of the other two groups of respondent. 
3.5.12. F i r s t year undergraduate students of physics formed i n t o 
learning groups by t h e i r t o t a l a t t i t u d e score, measured by the 
a t t i t u d e t o physics inventory, w i l l have common perceptions of 
the pedagogic s t y l e they associate w i t h e f f e c t i v e teaching of 
undergraduate physics with less variance than any mixed 
a t t i t u d e grouping. 
3.6. A f u l l discussion of these hypotheses together w i t h i n t e r -
p r e t i v e notes appears i n Chapter 8. At f i r s t reading the 
hypotheses may appear to have tenuous l i n k s , thay do, however. 
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f a l l i n t o four basic categories connected as i l l u s t r a t e d i n 
the f i g u r e 3/1. 
FIGURE 3/1 ABOUT HERE 
Fig, 3/1 may be read from l e f t t o r i g h t and top to bottom 
simultaneously! Thus s t a r t i n g from the top box, the author 
realised t h a t a t t i t u d e s and t h e i r influence on the e f f e c t i v e -
ness of pedogogic practice gave r i s e t o a v a r i e t y o f possible 
r e l a t i o n s h i p s . These i n t u r n stimulated thought i n four 
s p e c i f i c areas; ( a t t i t u d e s , f a c t o r s of a t t i t u d e , etc.) which 
by means of a feedback mechanism r e f i n e d the four areas as 
shown i n the diagram to f a c i l i t a t e the w r i t i n g of s p e c i f i c 
hypotheses. F i n a l l y , the research i d e n t i f i e d c e r t a i n new 
relati o n s h i p s as indicated i n the r i g h t hand box. 
FIGURE 3/1 
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THE ATTITUDE INVENTORY 
60. 
4.1.1. Having delineated the research hypothesis i n Chapter 3, and 
considered the range of possible methodology, i t became 
imperative f o r the p r a c t i c a l problems associated w i t h the 
methodology to be confronted and solved i f the research was t o 
progress. 
if.1,2. Notwithstanding the existence of a subs t a n t i a l body of 
l i t e r a t u r e describing repertory g r i d techniques, applied i n a 
v a r i e t y of se t t i n g s , (Bannister and Mair 1969 et a l ) the 
research hypothesis demanded a se n s i t i v e and unique a p p l i c a t i o n 
of Kelly's o r i g i n a l g r i d technique i n order to i d e n t i f y the 
pedagogic p r o f i l e s of e f f e c t i v e and i n e f f e c t i v e physics teachers, 
as defined and described by each class of respondent. I n 
achieving t h i s objective the author was compelled to reconsider 
repertory g r i d theory i n order t o ensure th a t both the 
appl i c a t i o n of the theory, and the subsequent ar.dlysis, 
provided outcomes which would prove t o be an -.'pprcpriate means 
of i n v e s t i g a t i n g the stated hypotheses. These outcomes are 
described i n Chapter 7. 
i|-.1.3. Unlike repgrids, which date t h e i r o r i g i n as recently as 1955 
(Kelly 1955), a t t i t u d e scaling has been an area o f intense 
a c t i v i t y f o r psychologists f o r much longer. Such progress 
appears to have been made t h a t the reader might a n t i c i p a t e the 
selection of an a t t i t u d e inventory s u i t a b l e f o r the research 
would prove r e l a t i v e l y s t r a i g h t f o r w a r d . I n i t i a l l y the author 
shared t h i s view u n t i l a d e t a i l e d analysis of the l i t e r a t u r e 
proved such optimism i l l founded, f o r , upon closer examination. 
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the l i t e r a t u r e proved t o be f a r from conclusive i n i t s 
appraisal of e x i s t i n g instruments, many of which appeared t o 
e x h i b i t some weaknesses. Such a review of the l i t e r a t u r e 
associated with a t t i t u d e measurement provided the evidence 
which rendered i t necessary t o develop a new a t t i t u d e to 
physics inventory f o r the research. The need f o r the 
development o f a new instrument i s based on the c r i t i c i s m of 
other instruments i n paragraph 4.2. 
4.2.1. I n v e s t i g a t i o n of the research hypotheses demands t h a t two 
sets of people be i d e n t i f i e d from each category of respondent, 
consisting of persons with negative and p o s i t i v e a t t i t u d e s t o 
physics respectively. I t f o l l o w s , therefore, t h a t whatever 
a t t i t u d e inventory was used i t had t o be capable of 
i d e n t i f y i n g persons with negative a t t i t u d e s , as w e l l as persons 
w i t h p o s i t i v e a t t i t u d e s , towards the d i s c i p l i n e of physics. 
4.2.2. I t might appear th a t any scale capable o f i d e n t i f y i n g 
respondents who have a p o s i t i v e (suppose these respondents 
score high) must of necessity i d e n t i f y those w i t h a negative 
a t t i t u d e , ( i . e . those respondents who score low on the sc a l e ) . 
Whilst t h i s may be the case, one cannot be c e r t a i n t h a t i t i s 
so, as the d i s t i n c t i o n i s i n f a c t only between respondents wirn 
a p o s i t i v e a t t i t u d e t o physics and those respondents who do not 
e x h i b i t a p o s i t i v e a t t i t u d e . I t does not f o l l o w t h a t those who 
do not have a p o s i t i v e a t t i t u d e have, of necessity, a negative 
a t t i t u d e . An example i l l u s t r a t i n g t h i s point i s the merchant 
navy cadet who i s compelled t o study physics i n order t o pass 
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his Second Mates Examination. Most students of t h i s category 
f a i l t o see the relevance of such a requirement,(perhaps due t o 
inappropriate curriculum content or poor teaching)^and would 
c e r t a i n l y f a i l t o score highly on a scale where high scores 
indicate p o s i t i v e a t t i t u d e s to physics. For most of these 
students, however, i t would be equally u n l i k e l y f o r them t o 
- score highly on a scale where high scores indicate negative, 
a t t i t u d e s t o physics. They e x h i b i t a ne u t r a l a t t i t u d e 
frequently summed up by comments l i k e : "Physics i s a 
necessary e v i l , I don't see why I need to do i t , but I 
equally don't have anything against i t . " A scale designed to 
f u l f i l the requirements of t h i s research would p o s i t i v e l y 
i d e n t i f y some persons who have a p o s i t i v e a t t i t u d e t o physics 
and a t the same time p o s i t i v e l y i d e n t i f y some persons who have 
a negative a t t i t u d e t o physics. 
^.2.3. Within the constraints imposed by the conriderations 
described i n the preceding chapters, the author was able t o 
review e x i s t i n g measures of a t t i t u d e , extending such an inroad 
i n t o the l i t e r a t u r e beyond a t t i t u d e t o physics alone to include 
general a t t i t u d e inventories and a t t i t u d e to.science scales. 
Clearly the adoption of an e x i s t i n g scale would have resource 
advantages, and so the review of the relevant l i t e r a t u r e v/as 
undertaken with the s p e c i f i c o b j e c t i v e of i d e n t i f y i n g a.scale 
s u i t a b l e f o r adoption. 
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An appendix i s attached reviewing e x i s t i n g i n v e n t o r i e s . 
^•3. The task confronting the author,having generally reviewed 
a t t i t u d e scaling and s p e c i f i c a l l y a t t i t u d e to physics 
inventories, was to select or design an instrument s u i t a b l e f o r 
a l l three categories of subject from whom data was t o be 
collected during the research. The scale must r e f l e c t the 
s t y l e and effectiveness of Gardners scale ( i . e . not e x h i b i t any 
of the three kinds of defect discussed i n appendix 1) and 
demonstr ably have high v a l i d i t y and r e l i a b i l i t y . Needless 
to say i t must enable an i n v e s t i g a t i o n of the hypotheses 
described as the basis of t h i s research t o be undertaken. 
Such a scale was devised as described i n paragraph 
^ f . ^ . l . The development of the a t t i t u d e inventory r e f l e c t e d the 
strategy adopted by Gardner i n developing the F-V.I (Physics 
A t t i t u d e Inventory), namely the adoption of Thurslone type 
techniques. The development was based on Thurstone techniques 
a f t e r undertaking a three phase appraisal of what was required. 
F i r s t l y , interviews were held w i t h l e c t u r e r s , students and 
other interested persons. These were recorded and l a t e r 
analysed to i d e n t i f y i m p l i c i t or e x p l i c i t objectives considered 
to be important. Secondly, these objectives were translated 
i n t o c l e a r l y defined constructs. T h i r d l y , a check was 
ins t i g a t e d t o ensure th a t the e f f e c t s of any treatment being 
studied were r e f l e c t e d i n the manner i n which the instrument 
would measure outcomes. I t followed, therefore, t i i a t before 
these s p e c i f i c techniques were considered some fundamental 
decisions had to be made r e l a t i n g t o the f a c t o r s t o be 
i d e n t i f i e d and the element sample included to measure these 
f a c t o r s . 
The factors t o be investigated are both l i m i t e d and 
defined by the hypotheses, which^it w i l l be recalled.were 
based upon a subjective appraisal of the general r e l a t i o n s h i p 
between students* and teachers' a t t i t u d e s t o physics and 
perceived pedagogic s t y l e . 
S p e c i f i c a l l y four a t t i t u d i n a l factors are seen as important by 
the author having considered his preliminary interviews: 
(a) Exam o r i e n t a t i o n , (A high score on t h i s f a c t o r would 
i d e n t i f y respondents who believe t h a t pedagogy should p r i m a r i l y 
aim towards the student group passing examinations rather than 
t h e i r learning physics f o r physics' sake). 
(b) P r a c t i c a l bias. (A high score on t h i s f a c t o r would 
i n d i c a t e t h a t the respondent believed t h a t the pedagogic 
experience should r e s u l t i n learning based on demands 
alternated w i t h the p r a c t i c a l use of physics i n the 'real 
world* rather than a purely t h e o r e t i c a l b a s i s ) . 
(c) I n t r i n s i c Motivation. (A high score on t h i s f a c t o r 
would indicate t h a t the respondent was i n t r i n s i c a l l y motivated 
t o succeed a t physics - f o r whatever reason. Such success may 
be achieved by passing an exam so tha t he need never study 
Physics again, or reaching personal achievement goals). 
(d) Personal pleasure from physics. (A high score on 
t h i s f a c t o r would indicate t h a t the respondent would derive 
enjoyment from h i s exposure t o the pedagogic experience i n 
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physics, i r r e s p e c t i v e of performance c r i t e r i a ) . 
^^.^.3. Having spec i f i e d the a t t i t u d i n a l f a c t o r s t o be considered 
the author considered the f e a s i b i l i t y of combining these 
factors to produce an o v e r a l l a t t i t u d e score. I f the 
c o r r e l a t i o n between the f a c t o r s proved to be high, and the 
r e l i a b i l i t y of each f a c t o r likewise proved to be high also, 
then a d i r e c t a d d i t i o n could be made to provide a f i f t h 
general a t t i t u d e to physics score f o r each respondent. 
This analysis has been undertaken and i s discussed i n Chapter 5. 
Such an instrument would need to be designed i n order t o 
i d e n t i f y both ' p o s i t i v e l y ' and 'negatively' o r i e n t a t e d 
respondents, as opposed t o ' p o s i t i v e l y ' and 'not p o s i t i v e l y ' 
orientated respondents. 
A-.A-.^ i-. The element sample from which the instrument was constructed 
was extensive. F i r s t l y , a l l of the eight inventories reviewed 
i n d e t a i l were considered. Every i n d i v i d u a l element from each 
inventory was w r i t t e n on a card. 
Twelve judges were then i d e n t i f i e d , c o n s i s t i n g of s i x teachers 
of undergraduate physics and s i x f i r s t year undergraduate 
students. No attempt was made t o make the s e l e c t i o n of 
judges i n any way representative, the contrary was i n f a c t the 
case. Specific teachers known to be interested i n the 
research were approached,and students were i n v i t e d t o 
volunteer i n the knowledge t h a t extensive work would be 
required of them i n t h e i r capacity as judges f o r Thurstone 
type inventory design. Having established the panel of 
judges, they were i n v i t e d t o undertake t h e i r f i r s t task. 
At meetings consisting of four judges (two from each category) 
the p i l e of cards were considered i n t u r n , each f o r i t s 
relevance to undergraduate students and a t t i t u d e to physics. 
I f the four agreed the card was appropriately marked; i f not 
the statement was e i t h e r re-worded (on the same card) or 
rejected as i r r e l e v a n t (and coded accordingly). At the end of 
the exercise the panels of four had viewed the o r i g i n a l 
elements together with the amendments made by the previous 
meetings. A l l . o f the cards receiving unanimous approval 
were placed i n a pool of ' p o t e n t i a l l y acceptable elements*; 
s i m i l a r l y , a l l those cards which were not unanimously accepted 
were withdrawn and destroyed. The remainder^(which i t w i l l be 
recal l e d may have been modified) were considered again a t a 
single meeting ( a t which ten of the twelve judges attended) 
and again modified to an 'acceptable' form by the m a j o r i t y of 
those present, and placed on the p i l e of ' p o t e n t i a l l y acceptable 
elements,' or f i n a l l y r e jected and destroyed. 
The -author undertook an exercise t o increase the number of 
'p o t e n t i a l l y acceptable elements' by v i s i t i n g one Uni v e r s i t y 
and one polytechnic t o address a group of f i r s t year under-
graduate students from each i n s t i t u t i o n . The author asked each 
group to undertake two tasks. F i r s t l y , t o l i s t the f i v e things 
they l i k e d most about Physics and the f i v e things they l i k e d 
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l e a s t ; and secondly t o w r i t e a few paragraphs i n a time l i m i t 
of ten minutes saying why they e i t h e r l i k e d or d i s l i k e d 
Physics. 
From the completed s c r i p t s the author's w i f e , (who i s not a 
Physicist and therefore u n l i k e l y t o be biased i n i d e n t i f y i n g 
and selecting a t t i t u d e comments) c a r e f u l l y constructed a pack of 
cards, each one carrying an a t t i t u d i n a l comment which had 
appeared at least three times from the 12^ s c r i p t s obtained. 
These cards were included i n the p i l e of ' p o t e n t i a l l y acceptable 
elements.' This p i l e of cards consisted of 203 separate 
elements^each possibly re l a t e d with a t t i t u d e t o physics. 
The judges were then rec a l l e d i n d i v i d u a l l y and i n v i t e d t o post 
each card i n t o one of f i v e boxes. The f i r s t four boxes were 
lab e l l e d with the a t t i t u d e f a c t o r s l i s t e d i n p<v:agrapl» 4.^.2. 
and the f i n a l box l a b e l l e d 'inappropriate.' The i n s t r u c t i o n s 
given to the judges demanded t h a t they consider each card i n 
tu r n as^potential element i n an inventory intended t o measure 
one of the four a t t i t u d e f a c t o r s noted on the boxes. 
Afte r each 'sort' a code known only t o the author ( t o preclude 
the p o s s i b i l i t y of other judges f o l l o w i n g previous 'sorts') V;G£ 
entered on each card t o i d e n t i f y the box i n t o which i t was 
placed. 
At the end of twelve 'sorts' a l l of those cards which had been 
posted i n t o the same box ten or more times were selected as the 
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'core' element cards f o r each f a c t o r . Each remaining card was 
considered by the author, and a score assigned to i t according 
to the consistency of s o r t i n g by the judges. The highest 
scoring elements were added t o those already chosen.This 
produced four sets of elements; fourteen i n f a c t o r A, (Exam 
Or i e n t a t i o n ) : eleven i n f a c t o r B, ( P r a c t i c a l O r i e n t a t i o n ) ; 
twelve i n f a c t o r C, ( I n t e r n a l Motivation); and eight i n f a c t o r 
D (Pleasure from Physics). The score c u t - o f f point was chosen 
i n an a r b i t r a r y manner given t h a t the score must be consistent 
across f a c t o r s and that the minimum number of ' s h o r t l i s t e d ' 
elements f o r each factor should be i n excess of the number 
u l t i m a t e l y required f o r the instrument. 
The precise number of elements t o be included was determined 
according to a number of c r i t e r i a . Clearly the instrument, 
which was to form only a p a r t , a l b e i t an essential p a r t , of the 
administration procedure must be capable of completion i n a 
reasonable time, say less than t h i r t y minutes. An average time 
f o r completion was i d e n t i f i e d as twenty minutes i n order t o 
f u l f i l t h i s requirement . Josephs (1973) had shown tha t great 
length and complexity was not a p r e r e q u i s i t e of v a l i d i t y or 
r e l i a b i l i t y , and six of the eight measures i d e n t i f i e d as 
lepiesenting acceptable design c h a r a c t e r i s t i c s used as few as 
three elements to measure i n d i v i d u a l f a c t o r s . A subjective 
decision was made by the author t o i d e n t i f y a t o t a l of twenty-
four elements using Thurstone techniques, s i x f o r each f a c t o r . 
Each of the twelve judges was then i n v i t e d to consider each 
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element i n t u r n , decide whether agreement with the element 
constituted a p o s i t i v e or negative a t t i t u d e to the f a c t o r , and 
to assign a score out of ten t o i n d i c a t e how w e l l they 
considered the element measured the f a c t o r concerned i n the 
d i r e c t i o n to which they had assigned i t . 
Reduction from 45 to 2k elements was made f i r s t l y by r e j e c t i n g 
a l l those elements where there was not 100% agreement on the 
d i r e c t i o n of a t t i t u d e by the twelve judges, and secondly, by 
selecting the s i x element cards w i t h the highest composite 
score. 
4.4.5. Having derived the content of the inventory, p i l o t t e s t i n g 
was undertaken. The format chosen f o r the inventory was to 
code each of the 24 elements f o r source (from whence the 
element was derived), and f o r f a c t o r (each of the four f a c t o r s ) 
and f o r d i r e c t i o n of p o l a r i t y , (whether agreement indicated 
p o s i t i v e or negative a t t i t u d e ) . The inventory was pr i n t e d 
with the 24 element sequence randomly ordered.^and f o r each 
fac t o r set of elemencs two subsets of three were randomly 
i d e n t i f i e d to enable s p l i t h a l f r e l i a b i l i t y t e s t i n g t o be 
undertaken. L i k e r t type scoring was adopted with the 
respondent i n d i c a t i n g 5, 4, 3, 2 or 1 f o r each element. I n 
every case 5 indicated the strongest agreement. 
Feedback from the p i l o t i n g , conducted w i t h a sample of twenty 
respondents not representatively selected, proved acceptable, 
(paragraph 4.4.6.) and with minor modifications t o the r u b r i c . 
the f i n a l inventory was p r i n t e d ready f o r use (Appendix 2 
includes an example). Chapter 6 discusses the analysis of 
data collected from respondents. 
^A*6, Having designed the instrument t o measure a t t i t u d e to 
physics.its r e l i a b i l i t y and v a l i d i t y needed to be considered. 
An i n d i c a t i o n of the r e l i a b i l i t y of the inventory could be 
obtained by use of the s p l i t h a l f technique. The t e s t 
elements were divided i n t o two categories by random s e l e c t i o n , 
w i t h the proviso t h a t each f a c t o r was equally represented i n 
each 'half.' I t would have been possible to administer the 
t e s t t o a group of respondents and obtain a numerical value f o r 
the r e l i a b i l i t y . However, such an approach was rejected. 
The objection t o such an approach lay i n the realm of sample 
se l e c t i o n . A quoted r e l i a b i l i t y of b e t t e r than + 0.87 might 
look impressive,, but unless the sample were chosen w i t h the same 
degree of care, and w i t h i n the same constraints as the research 
sample, then one could not assume t h a t the same degree of 
r e l i a b i l i t y would be evident i n the sample used f o r the main 
data c o l l e c t i o n . Thus when data was c o l l e c t e d , a r e l i a b i l i t y 
c o e f f i c i e n t was calculated using the s p l i t h a l f method. I f the 
r e l i a b i l i t y had been less than acceptable, any conclusions t h a t 
may have been drawn would have had to be l i m i t e d i n t h e i r 
usefulness by the r e l i a b i l i t y of the t e s t . Whilst t h i s 
technique l e f t the author with a c e r t a i n amount of uncertainty 
i n his mind u n t i l the analysis stage, i t did ensure t h a t any 
r e l i a b i l i t y quotient stated was relevant t o the sample chosen 
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f o r the i n v e s t i g a t i o n . 
V a l i d i t y , however, needed to be considered i n d e t a i l p r i o r t o 
t e s t administration. The face v a l i d i t y of the new inventory 
was high. Not only d i d i t look as though i t measured what i t 
should, (the r e f i n i n g techniques described included a face 
v a l i d i t y check) but i t w i l l be r e c a l l e d t h a t as the panel of 
judges were required t o decide on the aptness (face v a l i d i t y ) 
of each element, only those elements w i t h high agreement 
between judges were used. Thus, face v a l i d i t y was supported 
by the design methodology. 
The content v a l i d i t y l i k e w i s e was ensured by the selection 
procedure. I f any element received a wide band of responses 
from the judges i t was rejected. Thus each element, and 
consequently the complete measure, i s able t o adequately 
measure four factor s associated with a t t i t u d e to physics. 
The v a l i d i t y of combining f a c t o r s must await the c o r r e l a t i o n 
c o e f f i c i e n t s between f a c t o r s ; t h i s i s discussed i n Chapter 5. 
If^when the data was considered-the p r i n c i p a l f a c t o r s 
i d e n t i f i e d were t o consist of the elements grouped together i n 
the design, when r e s u l t s were f a c t o r analysed, evidence would 
support the decisions which had been taken. I f these 
decisions were not supported by a f a c t o r analysis then the 
r e l i a b i l i t y would have to be recalculated from a d i f f e r e n t 
s p l i t h a l f w i t h the newly i d e n t i f i e d f a c t o r s equally 
represented i n each h a l f . 
The pr e d i c t i v e v a l i d i t y i s d i f f i c u l t t o state without a t e s t -
r e t e s t format. I n many respects.the p r e d i c t i v e v a l i d i t y 
r e l a t e s strongly t o r e l i a b i l i t y . However, i f the content 
v a l i d i t y and r e l i a b i l i t y were t o be acceptable then i t i s 
highly l i k e l y t h a t a subject would respond s i m i l a r l y on two 
different.occasions, ( I f his a t t i t u d e i n the i n t e r i m period 
has not a l t e r e d ) . I n the context of t h i s research the . 
pre d i c t i v e v a l i d i t y was of less import due t o the f a c t that an 
experimental s i t u a t i o n was not to be used, and the measure was 
intending only t o ascertain the respondents' a t t i t u d e t o 
physics at one moment i n time, and not t o predict how his 
a t t i t u d e would a l t e r given c e r t a i n s t i m u l i . I n the p i l o t 
study a very small set of four respondents were re-administered 
the inventory two weeks a f t e r the f i r s t session, the 
co r r e l a t i o n was + .88). 
Concurrent v a l i l i t y i s often the only kind of v a l i d i t y 
considered by researchers. I t represents the way any one 
technique correlates w i t h another purporting t o measure the 
same t h i n g . The author's de t a i l e d consideration of the 
d i f f i c u l t i e s of content v a l i d i t y of other measures of a t t i t u d e 
t o physics, makes him u n w i l l i n g t o consider such a d i r e c t 
comparison worthwhile. 
The construct v a l i d i t y of the measure was guaranteed by the 
use of a panel of judges to select the elements^whilst a 'belt 
and braces' safety precaution was b u i l t i n by v i r t u e of the 
fa c t that nearly a l l the elements had been e l i c i t e d from other 
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measures of observable construct v a l i d i t y , or from the sample 
of subjects drawn from the constituents who would u l t i m a t e l y 
respond t o the inventory. 
4.4.7. The inventory was designed i n such a way t h a t i t could 
e a s i l y be completed by f i r s t year undergraduate students. 
The research hypothesis demanded, however, th a t i t should be 
equally suitable f o r t h e i r l e c t u r e r s . A s i m i l a r strategy to 
t h a t described i n the preceding paragraphs was adopted t o 
develop a p a r a l l e l inventory f o r teachers of undergraduates. 
However, considerable d i f f i c u l t i e s arose,not the l e a s t of 
which was the l i m i t e d number of members of t h a t constituency 
which could be c a l l e d upon t o a s s i s t with the development. An 
a l t e r n a t i v e approach was tested which involved asking teachers 
to complete the inventory as they th i n k they would have 
completed i t when a student themselves. Follow up interviews 
with the teachers concerned supported the adoption of t h i s 
technique and led the author t o adopt t h i s approach. The 
attendant advantage accrued from adopting t h i s strategy was the 
p o s s i b i l i t y of d i r e c t l y comparing d i f f e r e n t groups. Chapter 5 
pursues t h i s a p plication of the inventory i n r e l a t i o n to the 
data obtained. 
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FACTORS ASSOCIATED 
WITH ATTITUDES TO 
PHYSICS: AN 
EVALUATION OF THE 
INSTRUMENT DESIGNED, 
AND THE METHOD BY 
WHICH SUB-GROUPS 
MAY BE IDENTIFIED 
FOR THE INVESTIGATION 
OF THE HYPOTHESES. 
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5.1- The research samples from three constituencies; teachers of 
f i r s t year undergraduate physics students, f i r s t year 
undergraduate physics students and teachers (of undergraduates) 
who teach d i s c i p l i n e s other than physics. An i n v e s t i g a t i o n of 
the hypotheses demanded t h a t each constituency be appropriately 
sampled, and from each sample subsets of respondents be 
identified,each of which exhibited a common a t t i t u d e to physics 
(or a factor of a t t i t u d e to physics) i n eit h e r a p o s i t i v e or a 
negative d i r e c t i o n . The importance of the instrument designed 
to measure a t t i t u d e i s c l e a r , f o r i f i t s use provided 
u n r e l i a b l e or i n v a l i d common a t t i t u d e groups, then no matter 
how c l e a r l y conclusions could be drawn from the data, the 
v a l i d i t y and r e l i a b i l i t y of the whole research f i n d i n g s would 
be l i m i t e d by these considerations when applied to the a t t i t u d e 
inventory. 
The sampling from a universe of p o t e n t i a l respondents was of 
equal importance: i t was not adequate t o merely sample 
randomly, f o r random sampling only ensures the absence of bias 
and does not ensure representativeness. The s^rnpling strategy 
i s discussed at length i n Chapter 7, and so i n t h i s chapter, 
the discussion i s r e s t r i c t e d to the a t t i t u d e inventory on the 
assumption that the sampling techniques u t i l i z e d were adequate. 
5-2.1. R e l i a b i l i t y of the inventory i s f i r s t considered. Appendix 2-
includes a table of every respondent's score on each f a c t o r of 
the inventory, together with a t o t a l score corresponding t o the 
sum of the four f a c t o r s . (The t h e o r e t i c a l implications of 
such an addition are considered i n paragraph 5.3.). The s i x 
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elements, i d e n t i f i e d by the Thur^stone techniques described 
i n Chapter 4, r e l a t i n g to each fa c t o r were randomly s p l i t i n t o 
two groups of three i n order t o permit a s p l i t h a l f 
r e l i a b i l i t y c o e f f i c i e n t to be calculated. I t w i l l be 
recal l e d from Chaptier t h a t a l l twenty-four elements were 
ordered on the response document i n a random form. 
5.2.2- The t e s t - r e t e s t method of evaluating r e l i a b i l i t y y i e l d s 
information about the s t a b i l i t y of rank orders of i n d i v i d u a l s 
over a period of time. A high c o r r e l a t i o n indicates t h a t 
respondents have changed l i t t l e i n r e l a t i o n t o the other 
members of the sample and t h a t the t e s t measures the same 
functions before and a f t e r the i n t e r v a l . A low c o r r e l a t i o n , 
however, may mean t h a t i n d i v i d u a l s have changed i n d i f f e r e n t 
d i r e c t i o n s j O r i n the same d i r e c t i o n a t d i f f e r e n t rates. 
Whilst changes h^ means and standard deviations may as s i s t the 
researcher i n deciding which kinds of systematic changes might 
be taking place, such a method places considerable demands on 
him to choose appropriate s t a t i s t i c a l s t r a t e g i e s . Unless 
there are compelling p r a c t i c a l reasons f o r knowing the 
s t a b i l i t y of scores over a time period, t h i s technique i s less 
than i d e a l as a measure of t e s t r e l i a b i l i t y . A f u r t h e r 
objection to the use of t e s t - r c t c s t procedures i n t h i s 
research was the l i k e l i h o o d of "attitude change occurring 
d i r e c t l y as a r e s u l t of involvement i n the p r o j e c t , as a l l 
respondents were required to complete a repertory g r i d , 
thereby exposing them to the l i k e l i h o o d of experiencing a 
r a i s i n g of perceptual awareness and perhaps a consequential 
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change i n a t t i t u d e . Having rejected the use of a t e s t - r e t e s t 
f o r these reasons, consideration was given t o the value of 
using the s p l i t - h a l f method, provision f o r which had been 
included i n the inventory design. 
5.2.3. The r e l i a b i l i t y of any instrument can be defined as the 
proportion of the variance exhibited by a set of measurements 
( i n t h i s case obtained by using the instrument with a given 
set of respondents) with the true variance. Such a 
r e l i a b i l i t y has r e s t r i c t e d a p p l i c a b i l i t y i n that a high value 
f o r r e l i a b i l i t y f o r one class of respondent does not imply 
th a t the t e s t w i l l remain equally r e l i a b l e when used with a 
d i f f e r e n t class of respondent. Error theory, which i s w e l l 
documented i n a v a r i e t y of standard s t a t i s t i c a l handbooks, 
(Hays 1973: Thorndike & Hagen 1969) when applied to 
r e l i a b i l i t y as c^efined, leads to the conclusion t h a t a 
c o r r e l a t i o n c o e f f i c i e n t provides a most s a t i s f a c t o r y means of 
measuring r e l i a b i l i t y . As the data are independent, then the 
adoption of Pearson r as a means of computing the c o e f f i c i e n t 
i s acceptable. Whilst i t i s i n t e r e s t i n g t o calculate a 
r e l i a b i l i t y c o e f f i c i e n t f o r t h i s t e s t as applied t o a l l the 
respondents selected f o r t h i s research, the c o e f f i c i e n t so 
obtained i s of l i m i t e d vajiiov The l i m i t of a p p l i c a b i l i t y i s 
determined by the d i f f e r e n t classes of respondent u t i l i z e d i n 
the study; the inventory must prove r e l i a b l e f o r each cjrou^? 
(Teachers of Physics, students and other teachers), given t h a t 
a l l three w i l l e x h i b i t d i f f e r e n t c h a r a c t e r i s t i c s . 
The r e s u l t s of the computation are tabulated i n Table 5/1. 
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TABLE 5/1 
.p, TT ^ TARTI TTY - FACTORS OF ATTITUDE TO 
PHYSICS INVENTORY 
LEVEL OF 
SIGNIFICANCE SPLIT-HALF RELIABILITY 
COEFFICIENT 
CLASS OF 
RESPONDENT 
ALL 
RESPONDENTS 
COMBINED 
TEACHERS OF 
UNDERGRADUATE 
PHYSICS 
FIRST YEAR 
UNDERGRADUATE 
PHYSICS 
STUDENTS 
UNDERGRADUATE 
TEACHERS 
OTHER THAN 
OF PHYSICS 
+ .509 
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Line 1 i s included f o r i n t e r e s t ^ b u t i t must be noted that even 
such a high l e v e l of si g n i f i c a n c e ( b e t t e r than .001 l e v e l ) i s 
meaningless except where a l l respondents are pooled: as such 
pooling i s not used by the author, t h i s value cannot be c i t e d 
i n support of instrument r e l i a b i l i t y . The f i n a l three l i n e s 
are, however, of great value. The inventory proves 
acceptable f o r use with a l l three classes of respondent at a 
le v e l of significance better than 0.05. The i m p l i c a t i o n of 
these significance l e v e l s i s best observed i n terms of 
p r o b a b i l i t y of error i n producing specimen groups, i . e - there 
i s less than 0.1% chance of a student of physics being 
c l a s s i f i e d i n t o the 'wrong' a t t i t u d e group, less than 1% f o r 
teachers of physics and less than 5% f o r other teachers. 
The research has specified the .05 l e v e l of sig n i f i c a n c e (5%) 
i n the g r i d aspects (see Chapter 6) and so an ap p l i c a t i o n of 
the same c r i t e r i a renders the a t t i t u d e inventory acceptable 
f o r a l l classes of respondent used i n the research. 
(Note: The Spearman - Brown prophecy formula may be applied 
with a r e s u l t a n t Increase i n apparent r e l i a b i l i t y . The 
figures quoted, therefore, may be considered conservative i n 
nature). 
5.3- I n ca l c u l a t i n g the values displayed i n Table 5/1, the score on 
each half of the t o t a l inventory was used. Such computation 
i s acceptable.because no assumption i s being made about the 
homogeneity of the inventory. The arguments of Chapter ^• 
demand that great care i s exercised i n determining whether the 
four factors of the inventory do measure some super-ordinate 
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construct (which may be ca l l e d ' a t t i t u d e to physics') but, as 
yet, no evidence has been presented t o the reader allowing him 
to determine whether or not t h i s i s so. I n the absence of 
such evidence, the t e s t would appear t o be homogenous, but i f 
one or more o f the f a c t o r s i s q u i t e independent of the others, 
P 
the inventory would be hete^geneous i n nature. Such 
evidence can, however, be extracted from the data. A 
co r r e l a t i o n c o e f f i c i e n t (Pearson r has been used) may be 
calculated f o r each f a c t o r compared with every other f a c t o r 
f o r each of the three classes of respondent. Such 
computations having been made, no s i g n i f i c a n t differences 
were detected between the matrices f o r each class of respondent^ 
so one c o r r e l a t i o n matrix w i l l s u f f i c e to indicate a l l of the 
rel a t i o n s h i p s . Table 5/2 indicates the values obtained when 
the scores f o r a l l 69 respondents were used i n making the 
c a l c u l a t i o n . 
TABLE 5/2 ABOUT HERE 
liie n u l l hypothesis concerning homogeneity may be expressed 
as: 
"There i s no s i g n i f i c a n t s i m i l a r i t y i n the f a c t o r s 
measured by sub-sections A, B, C and D from the a t t i t u d e 
to physics inventory." 
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TABLE 5/2 
CORRELATION MATRIX SHOWING THE RELATIONSHIP BETWEEN 
FACTORS OF THE ATTITUDE TO PHYSICS INVENTORY 
Preference 
f o r 
examination 
o r i e n t a t i o n 
P r a c t i c a l 
bias to 
Physics 
course 
teaching 
I n t r i n s i c 
Motivation 
Pleasure 
from 
Physics 
A B C D 
A + 1 - .178 + .112 + .231 
B + 1 
* 1 
+ .338 - .008 
C + 1 
* 2 
+ .503 
• -
D + 1 
*1 S i g n i f i c a n t at 0.01 l e v e l 
*2 S i g n i f i c a n t at 0.001 l e v e l 
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A f t e r Fisher (1965), c r i t i c a l values of r which have t o be 
exceeded i n order to r e j e c t the n u l l hypotheses may be seen 
to have the following values f o r the three s p e c i f i e d l e v e l s 
of significance: 
S i g n i f i c a n t a t 0.001 l e v e l r must exceed 0.380 
Si g n i f i c a n t a t 0.01 l e v e l r must exceed 0.310 
Si g n i f i c a n t at 0.05 l e v e l r must exceed 0.235 
• 
Only two c e l l s from Table 5/2 exceed these values, namely C 
and D at 0.001 l e v e l , and B and C at 0.001 l e v e l . One must 
conclude, therefore, that the a t t i t u d e to physics inventory 
/e 
i s an heteroger/ous scale consisting of four f a c t o r s which 
cannot, with two exceptions., be considered as measuring the 
same concept. The exceptions i n d i c a t e t h a t , f o r a l l 
respondents considered together, the constructs i d e n t i f i e d as 
'pleasure from physics* and ' i n t r i n s i c motivation' are 
l i k e l y t o be construed as measuring some common, undefined, 
super-ordinate construct as are ' i n t r i n s i c motivation' and 
'p r a c t i c a l bias i n physics course.' 
Care must, however, be exercised as a s p e c i f i c a t i o n of a 
second hypotheses, namely; 
"There i s a s i g n i f i c a n t d i f ference between the f a c t o r s 
measured by sub-sections A, B, C and D from the a t t i t u d e 
to physics inventory," 
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f a i l s to be supported i n any c e l l of the matrix, 
i n d i c a t i n g t h a t , w h i l s t the fa c t o r s must measure independent 
constructs, these constructs are associated with one another 
by some q u a l i t y which, whatever one choses to c a l l i t , i s 
c e r t a i n l y not quan t i f i e d by the d i r e c t addition o f the 
scores obtained on each of the four f a c t o r s . (The name 
one might assign to e i t h e r the super-ordinate constructs or 
the l i n k i n g q u a l i t y w i l l have implications f o r the v a l i d i t y 
of the scale, but remains i r r e l e v a n t to a discussion on 
r e l i a b i l i t y ) . 
5.^.1. The v a l i d i t y of the inventory cannot be considered i n 
isolation^as much of the evidence provided i n paragraph 5.3. 
i s relevant to such a consideration. 
The v a l i d i t y of the a t t i t u d e inventory can be investigated 
by searching f o r the answer to one question, namely: 
I s the inventory a v a l i d means by which the research 
respondents may be categorized f o r f u r t h e r 
investigation? 
As the answer to t h i s question i s c r u c i a l to f u r t h e r 
i n v e s t i g a t i o n of the hypothesis, evidence i s presented i n the 
follo w i n g paragraphs which w i l l lead t o a j u s t i f i c a t i o n of 
the use of the inventory f o r the i d e n t i f i c a t i o n of appropriate-
sets of respondents. 
5.^.2. No t e s t or inventory may be more v a l i d than i t i s r e l i a b l e , 
nor may be v a l i d i t y be expressed other than f o r a specified 
a p p l i c a t i o n of the t e s t or inventory. These two l i m i t a t i o n s 
must be imposed upon t h i s consideration of v a l i d i t y . F i r s t l y , 
the f o l l o w i n g comments apply only to the inventory when used 
with the sample of respondents selected f o r t h i s research and, 
secondly, the v a l i d i t y cannot q u a n t i t a t i v e l y exceed the 
r e l i a b i l i t y quotients expressed i n Table 5/2. 
The weakest type of v a l i d i t y i s face v a l i d i t y ^ w h i c h i s a 
subjective q u a l i t a t i v e assessment of whether or not the 
inventory measures what i t purports to measure. Most 
respondents i n t h i s research were asked two questions i n 
order t o inv e s t i g a t e face v a l i d i t y : 
( i ) Do you t h i n k the a t t i t u d e inventory you have j u s t 
complet.'^d can measure your a t t i t u d e t o physics? 
( i i ) Do you consider th a t your a t t i t u d e to one or more of: 
a) Examination o r i e n t a t i o n i n phys.ics teaching 
b) P r a c t i c a l bias i n physics teaching 
c) I n t r i n s i c motivation i n physics teaching 
d) Pleasure from physics teaching 
could be at a l l relevant to how favourably disposed you 
might be t o studying physics? 
Of the 37 respondents asked these questions, 32 answered *yes' 
to ( i i ) , and 26 answered 'yes' to ( i ) . One may conclude, 
therefore, t h a t between 70% and 86% of a l l respondents 
considered the a t t i t u d e inventory t o e x h i b i t face v a l i d i t y -
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The questions were d e l i b e r a t e l y general i n nature, as v a l i d i t y 
i s not an ei t h e r / o r c r i t e r i o n , but a c h a r a c t e r i s t i c possessed 
by an inventory to a lesser or greater extent. 
5.^.3.The next consideration was content v a l i d i t y . I n common with 
face v a l i d i t y , being data-free, i t may be conceptualized by 
considering i t an estimate o f the representativeness of the 
content of the inventory as a sample of the universe of 
possible content. Clearly such a d e f i n i t i o n demands that 
the author j u s t i f i e s the factors which have been included, as 
- well as those which have been omitted, and t h i s i n turn r e l i e s 
on a detailed analysis of the l i t e r a t u r e r e s u l t i n g i n a c l e a r l y 
specified r a t i o n a l e f o r the content. Such consideration has 
been described i n Chapter ^and so i t remains only t o ensure 
that the content v a l i d i t y remains s a t i s f a c t o r y f o r each f a c t o r . 
The adoption cf the Thurstone type techniques described i n 
Chapter 5 provides the best guarantee of content v a l i d i t y , as 
the team of judges have t o make i n d i v i d u a l and corporate 
decisions which must be both consistent and under-pinned by 
theory i n order to provide elements f o r i n c l u s i o n i n the 
inventory. The author contends, therefore, t h a t the 
th e o r e t i c a l r a t i o n a l e of Chapter 3, followed by the ca r e f u l 
application of Thurstone techniques as described i n Chapter ^, 
provides s u f f i c i e n t evidence to ensure the content v a l i d i t y of 
the inventory. 
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5.^.^. Construct v a l i d i t y i s more d i f f i c u l t . Frequently 
researchers quantify construct v a l i d i t y (which i s not data-
free) by comparing respondents' performance on the t e s t 
inventory with t h e i r performance on another instrument known 
to measure the same q u a l i t y ^ (Often c a l l e d concurrent 
v a l i d i t y ) . Previously c i t e d arguments precluded t h i s 
strategy. F i r s t l y , had there been another instrument of 
acceptable v a l i d i t y the author would have used i t i n 
preference to developing a new inventory. Secondly, evidence 
has been provided to question the v a l i d i t y of some instruments 
formerly accepted as v a l i d by e a r l i e r researchers (Chapter ^ t ) . 
A l t e r n a t i v e approaches are possible. The whole inventory 
may be factor analysed^and the element groupings thus obtained 
compared with the predicted element groupings. The 
proportions of v j r i a n c e of each element grouping can then be 
used to i d e n t i f y a rank ordering of f a c t o r s . I d e a l l y , such 
an approach leads i t s e l f to an homogeneous inventory or task, 
which, on the r e l i a b i l i t y evidence i n paragraph 5.3., t h i s 
inventory c l e a r l y i s n o t l 
The author had intended to u t i l i z e the f a c t o r i a l v a l i d i t y 
technique u n t i l the cmergir.g r.ctcrogeneous nature of the 
inventory appeared to render such an approach inappropriate. 
Prior commit'^ment to a technique found t o be inappropriate 
placed the researcher i n a less than i d e a l p o s i t i o n , as data 
relevant t o the computation of construct v a l i d i t y was not 
available f o r most respondents. Fortunately, however, a" 
87 
f i n a l group of 11 respondents remained and each was asked t o 
place a mark on each of four scales (corresponding to p o s i t i v e 
and negative a t t i t u d e s ) f o r each of the four f a c t o r s included 
i n the inventory. Of the eleven respondents, only four were 
eventually located i n p o s i t i v e or negative sub-groups, but f o r 
every one of these fo u r , on every f a c t o r f o r which they were 
i d e n t i f i e d as e x h i b i t i n g a s i g n i f i c a n t l y strong a t t i t u d e , 
perfect agreement was obtained between t h e i r actual responses 
on the inventory and t h e i r o v e r a l l opinion expressed on the 
fa c t o r scales. (A subsequent post-data c o l l e c t i o n study has 
replicated these f i n d i n g s w i t h an agreement i n over 90% of 
cases. I n t e r e s t i n g though t h i s may be, i t cannot be c i t e d as 
evidence f o r construct v a l i d i t y i n the research, as the sample 
was d i f f e r e n t , although i n t u i t i v e l y one i s able t o accept 
findings based on a sample of four with a l i t t l e more 
confidence i n the knowledge t h a t a subsequent study has 
replicated these r e s u l t s ) . 
A f i n a l consideration of construct v a l i d i t y as relevant to 
t h i s research r e l c t e s to the manner i n which the inventory i s 
used. I f an instrument purports t o make f i n e discriminations 
between respondents ( i . e . d i s t i n g u i s h i n g between students* 
I:Q»s. so t h a t students may be assigned to eight I.Q. groups^ 
each 10 points long i n the range 60 t o 1^0), then, of 
necessity, the construct v a l i d i t y must be very high. However, 
high construct v a l i d i t y i s less c r u c i a l when crude 
discriminations are to be made, ( i . e . To i d e n t i f y those 
students, i n the previous example, who have s i g n i f i c a n t l y high 
or low I.Q.). I n t h i s study the author has designed an 
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inventory which appears, (on the basis of the very l i m i t e d 
evidence from four respondents) to e x h i b i t high construct 
v a l i d i t y , thus rendering i t s u i t a b l e f o r making f i n e 
discriminations. Yet, as paragraph 5.5. describes, the 
instrument i s i n f a c t used only t o make crude d i s t i n c t i o n s 
i d e n t i f y i n g those respondents who e x h i b i t s i g n i f i c a n t l y 
p o s i t i v e or negative a t t i t u d e s on each f a c t o r . 
5.'^ .5. The predi c t i v e v a l i d i t y of the instrument w i l l have to await 
r e p l i c a t i o n of the research, although some evidence i s 
becoming available from an a p p l i c a t i o n of the methodology of 
t h i s research (see Chapter 11) t o suggest that the inventory 
can be used to i d e n t i f y c e r t a i n groups, behaviour patterns f o r 
which may be predicted i n the area of preferred pedogogic 
practices. 
5.5. Having established t h a t the inventory designed to measure 
c e r t a i n f a c t o r s ov a t t i t u d e t o physics i s both r e l i a b l e and 
v a l i d , the way i n which the inventory i s t o be used must be 
considered. Chapter 7 contains a descr i p t i o n of how the 
respondents were selected; t h i s section describes how the 
performance by these respondents on the a t t i t u d e inventory 
was considered, and how sub-groups of the respondents 
e x h i b i t i n g common a t t i t u d e s were i d e n t i f i e d . 
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5.5.1. Prior to the a p p l i c a t i o n of s t a t i s t i c a l techniques t o the 
data i n order to categorize respondents, c e r t a i n checks have 
to be made t o ensure that the s t a t i s t i c a l techniques chosen 
are appropriate. I n order to s i m p l i f y subsequent operations 
the data were considered to be normally d i s t r i b u t e d . Clearly, 
such an assumption needs t o be j u s t i f i e d . The author used the 
Pearson goodness-of-fit t e s t f o r each f a c t o r and f o r each 
class of respondent as a means of determining whether the 
group i n question were d i s t r i b u t e d normally. The n u l l 
hypothesis may be stated: 
There i s no difference between the sample score 
d i s t r i b u t i o n under t e s t and a normal d i s t r i b u t i o n at 
the 5% l e v e l of s i g n i f i c a n c e . 
I n order to r e j e c t the n u l l hypothesis, the computed value of 
^ must exceed the tabulated value, of 'X' ^  f o r a sp e c i f i e d 
l e v e l of significance (0.05) and an appropriate degree of 
freedom. 
Although the d i s t r i b u t i o n of scores i s continuous, i t i s 
necessary to thin k of the population as grouped i n t o a f i n i t e 
number of d i s t i n c t class i i i t o r v c i s when applying Pearson % ^ 
t e s t . Furthermore, i t i s necessary f o r the expected number of 
respondents i n each i n t e r v a l to be r e l a t i v e l y l a r g e , c e r t a i n l y 
greater than, or equal t o , f i v e . I t should be noted that an 
arrangement which specifies i n t e r v a l length i n order to secure 
one common expected frequency of respondents r e f e r s to the 
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population d i s t r i b u t i o n , (not the sample population) which i s 
assumed to be normal under the n u l l hypothesis, and tha t the 
choice of class i n t e r v a l s was made before the data are seen. 
The arrangement described i s , however, q u i t e . a r b i t r a r y and any 
number of class i n t e r v a l s may be chosen. Whatever number be 
chosen the i n t e r v a l s w i l l be of unequal size i n order to give 
equal p r o b a b i l i t y of expected frequencies per i n t e r v a l . I t 
would be p e r f e c t l y acceptable to select some a r b i t r a r y class-
i n t e r v a l size i n z score terms, and allow the p r o b a b i l i t i e s to 
be unequal. The method used e x h i b i t s two advantages: i t 
makes derivations from normality e i t h e r i n the middle or end 
of the range to be more e a s i l y detected as w e l l as s i m p l i f y i n g 
the computations. 
2 (0 - E)^ The formula used i s : 'J/ = - — p 
wi t h (J - 1 - x) degrees of freedom 
where: 
0 i s observed frequency i n i n t e r v a l j 
E i s expected frequency i n i n t e r v a l j 
3 i s number of i n t e r v a l s chosen 
X i s the number of parameters estimated. 
(I n t h i s case M the mean, and ^ t h e 
standard deviation of the sample, are 
used as estimates of M & ^ f o r the 
population, and so x w i l l always be two 
i n t h i s a n a l y s i s ) . 
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The f i r s t stage i s t o compute means and standard deviations 
f o r each group of respondents on each f a c t o r . Table 5/3 
contains the r e s u l t s of such c a l c u l a t i o n s . 
TABLE 5/3 
The means and standard deviations of groups of respondents 
on each f a c t o r of the a t t i t u d e to Physics inventory 
FACTOR 
A 
FACTOR 
B 
FACTOR 
C 
FACTOR 
D 
TEACHERS 
OF 
PHYSICS 
21.90 20.95 20.53 18.53 
1 ^  2.85 ^^ .38 3.70 •2.74 
STUDENTS 
OF 
PHYSICS 
20.03 21.55 21.46 18.91 
1 e 3.59 ^.02 ^^ .62 4.74 
TEACHERS 
NOT OF 
PHYSICS 
1 M 19.82 21.12 17.88 17,29 
! S 3.73 ^.09 'f.33 4.70 
Within the l i m i t s imposed by the c r i t e r i a of group size and 
number values of ' J i ^ ^  may be calculated. Table 5/4 indicates 
the c r i t i c a l values of ' j i ? and whether or not the n u l l 
hypothesis i s rejected. 
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TABLE 51k 
Cells marked with an asterisk represent group responses 
which may be considered t o be d i s t r i b u t e d normally, i.e 
the n u l l hypothesis i s rejected. 
FACTOR 
A 
FACTOR 
B 
FACTOR FACTOR 
D 
PHYSICS 
TEACHERS 
c r i t i c a l 
2 PHYSICS 
STUDENTS 
c r i t i c a l 
2 OTHER 
TEACHERS 
The n u l l hypotheses f a i l s to be rejected i n any c e l l when 
working at the .05 l e v e l of s i g n i f i c a n c e . Thus a l l the 
sample d i s t r i b u t i o n s may be considered normal. 
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One example c a l c u l a t i o n follows t o i l l u s t r a t e the method 
adopted. 
Students re sponses to factor C. 
Respondent No. Score on C. Respondent No. Score on C. 
2018 21 4058 30 
2020 18 4059 20 
-3021 12 4060 25 
3022 20 5061 23 
3023 18 5062 18 
3035 25 5063 16 
3036 20 5064 18 
ifO^fif 23 5065 26 
25 5066 26 
1^050 25 5067 11 
4051 21 5068 19 
if052 24 5069 21 
W53 22 5070 15 
4054 28 5071 22 
4055 27 5072 16 
4056 21 5073 30 
4057 22 
MEAN = 21.46 
<r = 4.62 
N = 33 
No. of groups 3 = 6 ( i . e . average N. = 5) 
Degrees of freedom = 3 
Value of ^  to be exceeded i n order t o . r e j e c t n u l l 
hypothesis i s = 7.8 (0.05 l e v e l of s i g . ) 
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Having decided (an a r b i t r a r y decision) t h a t there w i l l be 
si x i n t e r v a l s , they may be diagrammed. (See f i g . 5/5). 
FIGURE 5/5 
Z scores and t h e i r conversions 
Cum. Z 
26.08 16.8ii-
MEAN 
2 1 , ^ 
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I n t e r v a l s and frequencies table 
I n t e r v a l Expected 
frequency 
E 
Observed 
frequency 
0 
(0 - E)^ (0 - E)^ 
E 
0.00 - 16.8if0 5.5 5 .25 .05 
16,Qkl - 19.«0 5.5 5 .25 .05 
19.«1 - 21.^60 5.5 7 2.25 .^1 
21.1^61 - 23.':f90 5.5 5 .25 .05 
23-^91 - 26.080 5.5 6 .25 .05 
26.081 - oo 5.5 5 .25 .05 
N = 33 N = 33 Co.66 
d.f 
0.66 
3 
In common with a l l other s i m i l a r c a l c u l a t i o n s , the value of 
f a l l s short of the c r i t i c a l value and so the d i s t r i b u t i o n 
may be considered normal. 
5.5.2. Due to the nature of the repertory g r i d usage planned 
(Chapters 3 and 5 r e f e r ) only small groups of respondents are 
required who e x h i b i t common, and strong a t t i t u d e s t o each 
f a c t o r . Four to six respondents i n each class was considered 
to be an i d e a l group si z e . However, the same c r i t e r i a must 
be applied to every class of respondent, and to permit cross 
group comparisons. Whichever c r i t e r i a f o r s e l e c t i o n were 
adopted, the numbers of respondents f a l l i n g i n t o each sub-
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group would be expected to vary, p a r t i c u l a r l y as N f o r each 
c l a s s i f i c a t i o n of respondent was d i f f e r e n t . Such v a r i a t i o n 
may be minimised by basing the cut o f f points i n the normal 
curve having f i r s t shown each group may be considered to be 
normal. An a r b i t r a r y decision to t r y 20% from each end of 
the d i s t r i b u t i o n proved most acceptable. I n f a c t the 21.19 
and 57.62 percentiles were chosen ( a f t e r Fisher 1972). 
Figure 5/6 indicates the p e r c e n t i l e points with corresponding 
scores f o r each group on each f a c t o r together with the 
number (N) of cases i d e n t i f i e d as f a l l i n g i n t o the group thus 
formed. 
FIGURE 5/6 ABOUT HERE 
Appendix includes a table itemizing the actual respondents 
contained i n each a t t i t u d e grouping. 
5.5.3- By adopting the techn ique described, the a t t i t u d e inventory 
proved suitable as a means of i d e n t i f y i n g a t o t a l of twenty-
four groups of respondents, each group e x h i b i t i n g a strong 
(the strongest 2095 of a l l respondents of the same class) 
p o s i t i v e or negative a t t i t u d e to a fa c t o r a t t i t u d e to physics. 
These groups became the comparison groups used, together with 
the repertory g r i d described i n Chapter 6, to in v e s t i g a t e the 
hypotheses previously s p e c i f i e d . 
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FIGURE 5/6 
The percentile cut o f f points and corresponding scores f o r 
each group of respondents on each a t t i t u d e to physics f a c t o r 
G 
R 
0 
U 
P 
F 
A 
C 
T 
0 
R 
I 
21.19 pe r c e n t i l e 
1 
57L62 per c e n t i l e 
Zl.m.of most' y 
negative * y/^ 
a t t i t u d e >r 
respondents^] 
- * ^ s ^ 21.19% of most 
j p o s i t i v e 
\ 1 a t t i t u d e 
respondents 
v>Zl . 
Negative a t t i t u d e 
Range of scores 
N_ Positive a t t i t u d e 
Range of scores 
N + 
PHYSICS 
TEACHERS 
A < 19.62 3 > 2£^ .18 
B < 17-^5 5 > 
C < 17.57 ^ > 23.^9 5 
D < 16.3^ 5 > 20.72 
PHYSICS 
STUDENTS 
A < 17.16 9 > 22.90 1 
B < 18.33 7 > Zh.il 9 
C <17.76 5 25.16 6 
D < 15.12 6 > 22.70 9 
OTHER 
• 
TEACHERS 
A < 16.8£fr 2 > 22.80 3 
B < 17.85 3 > 24,39 5 
C > 21.3iK 3 
D <13.53 4 > 21.05 3 
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THE REPERTORY GRID AS 
DEVELOPED FOR USE IN 
THIS RESEARCH 
99. 
6.1- This chapter considers g r i d methodology from a user*s 
perspective. Chapter four delineated the r a t i o n a l e f o r 
adopting a g r i d based methodology; i n t h i s chapter that 
foundation i s b u i l t upon to i l l u s t r a t e how the author has used 
the g r i d as a means of gathering data relevant to the 
hypotheses-
Given the general description of the kind of data which may be 
e l i c i t e d using repertory g r i d s , (previous chapter), one can now 
d i r e c t a t t e n t i o n to the way i n which th a t task may be under-
taken. For a description of a t y p i c a l way ( i t w i l l become 
evident that grids may be used i n an i n f i n i t e v a r i e t y of ways) 
of using grids one can do no better than quote Kelly's own 
words. 
6.2. "Methods of Assessing Personal Constructs" 
"Perhaps the best place to s t a r t the discussion of 
methodology i s with the d e s c r i p t i o n of ? p a r t i c u l a r 
technique. Then, l a t e r , I can attempt t o describe the 
broader methodology of which t h i s technique i s a 
p a r t i c u l a r example. 
Suppose I were to give one of you a card and ask you to 
wr i t e on i t the name of your mother. Then I would give 
you another and ask you to w r i t e the name of your father. 
On a t h i r d you might w r i t e the name of your w i f e , and on a 
fourth the name of the g i r l you almost married - but 
d i d n ' t l V/e could continue u n t i l you had as many as twenty 
or t h i r t y cards, each showing the name of a person 
important i n your l i f e . 
Then suppose I should select three of these cards, perhaps 
the ones of your father, your mother, and your boss or 
supervisor. Suppose I should ask you to think of some 
important way i n which any two of them seem to be a l i k e and 
in contrast to the t h i r d . What w i l l you say?. Perhaps 
you w i l l say that your mother and your boss he.-.e always 
seemed to know the answers t o the questions you asked but 
that your father hesitated or t o l d you to seek out your own 
answers-
100 
Now, i f t h i s i s a d i s t i n c t i o n you can apply to your father, 
your mother, and your boss, can you extend i t also to the 
other persons you have named? You probably can. The 
important f a c t i s that as you apply i t to person a f t e r 
person you are not only characterising those persons but 
you are also providing an operational d e f i n i t i o n of what 
you have i n mind- Applied to enough persons t h i s 
operational d e f i n i t i o n provides a more extensive d e f i n i t i o n 
of a particular,channel of your thought than do words you 
may use to symbolise i t -
Now, suppose I select another three cards, perhaps the ones 
with the names of your mother, your w i f e , and the g i r l you 
did not marry. What about them? I s there an important 
way i n which two of them - any two - d i f f e r from the t h i r d ? 
Perhaps you w i l l respond immediately by saying that your 
wife and your mother are loving but that the g i r l you did 
not marry turned out to be harsh. 
And how w i l l you extend t h i s personal construct to tlie 
other persons who are important i n your l i f e ? Mow l e t me 
suppose - fo r the sake of t h i s discussion - something which 
I doubt would be true of anyone i n t h i s audience. Let me 
suppose that each person you characterise as 'loving' i s a 
person you have previously characterised as ready to answer 
your questions, and each person you cliaracterise as 'harsh' 
i s one you previously characterised as sending you o f f to 
look f o r your own answers. Suppose t h i s were true i n case 
a f t e r case, on out t o i n f i n i t y . What could we say then? 
Would we then be ready to say tha t the two constructs were 
i d e n t i c a l i n everything but name? 
Not quite 1 I n our i l l u s t r a t i o n the two constructs have 
been applied only to persons as whole e n t i t i e s . There i s 
s t i l l the question of whether the constructs are applied 
i d e n t i c a l l y to the separate acts of persons. To go even 
f u r t h e r , t h i s suggests t h a t , i n general, the equivalence of 
constructs i s determined by t h e i r s i m i l a r a p p l i c a t i o n to 
a l l types of events, not merely to human events 
Moreover, we need also to make sure that both constructs 
occupy exactly the same range of convenience. That i s to 
say, can the f i r s t construct i n my i l l u s t r a t i o n - the 
response-rejection construct - be applied to a l l the events 
to which the second construct - the loving-harsh construct 
- can be applied; and, of course, vice versa? I f theic; 
are some events that can be c l a s s i f i e d by the persoii as 
responsive or r e j e c t i n g but which he cannot t r e a t i n terms 
of lovingness or harshness, then the range of convenience 
of the two constructs are d i f f e r e n t and the constructs 
themselves are therefore not quite the s^imo. 
A l l of t h i s i s a mathematical or l o g i c a l problem and i t 
leans to the formulation of one of tlie theorems underlying 
personal construct theory. Since, however, t h i s paper i s 
more concerned with the methodology of per5onal construct 
theory than with i t s mathematics, I s h a l l l i m i t myself to 
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pointing out merely that such propositions e x i s t . 
Let us return to our deck of cards. We can represent the 
data produced so f a r i n a f l a t matrix with events - i n t h i s 
case the names appearing on the cards - ranged along the 
top from l e f t to r i g h t , and with the constructs ranged 
along the side from top to bottom. The e n t r i e s i n the 
matrix are single d i g i t binary numbers, i n d i c a t i n g simply 
whether the event i s regarded one way or the other in terms 
of the construct. For example, i f you regarded your 
mother as l o v i n g , t h i s p a r t i c u l a r datum would be 
represented i n the matrix by the numeral '1' i n the f i r s t 
c e l l of the second row - below 'mother' and opposite 
*loving-harsh.' I f you regarded your father as harsh the 
numeral '0* would be entered i n the next c e l l , etc. 
Mow we may go on to expand the matrix u n t i l i t i s large 
enough to give us a stable idea of how the person construes 
his world. S t a r t i n g with d i f f e r e n t t r i a d s of cards we con 
successively produce row a f t e r row of matrix e n t r i e s . 
This i s not an interminable undertaking. Experience shows 
that only persons with the most complex or schizoid out-
looks require more than twenty or t h i r t y rows to express 
t h e i r repertory of constructs. Repertoires used i n every-
day a f f a i r s are generally quite l i m i t e d , and, especially so 
i t appears, among tiiose who prefer t o act rather than 
r e f l e c t . 
As you can see, the matrix can be factor-analysed to see to 
what extent the person i s employing a v a r i e t y of constructs 
on only a few constructs masquerading under d i f f e r e n t names 
We can examine the columns i n the matrix to see which 
figures i n his l i f e are viewed as s i m i l a r to others, or 
whether, indeed, there i s any great v a r i e t y perceived 
among them 
But l e t us turn away from the p a r t i c u l a r kind of matrix we 
have described - which, a f t e r a l l , i s only one example of 
the application of the methodology - and look a t other 
kinds of personal construct matrices. Suppose, instead of 
asking you to w r i t e the name of a person on each of the 
cards I gave you, I would ask you to l i s t an important 
experience you had had. Suppose, f o r example, I asked you 
to think of your wedding and make a note of i t on the r i r s t 
card. On the second card you might note the occasion when 
you had a serious quarrel with your parents, on the t h i r d 
the time when you believed you were near death, on the 
fourth the ceremony at which you were awarded your 
u n i v e r s i t y degree, then the meeting when a paper you 
presented was most severely c r i t i c i s e d , and so on. Then 
suppose you were to construe these events, three at a time 
as you did the persons i n your l i f e , and thenextended the 
constructs to a l l the other events you had mentioned. 
This would generate another kind of matrix whose columns 
and rows, as well as i t s verbal content, could be analysed. 
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Some researchers have used the methodology to come to an 
understanding of how a young person, confronted with making 
a vocational choice, views the d i f f e r e n t occupations and 
professions open to him. Others have used i t t o analyse 
personal factors i n job d i s s a t i s f a c t i o n . Some have 
studied changes i n the construing process during a year of 
uni v e r s i t y t r a i n i n g , and others have studied s i m i l a r 
changes during psychotherapy." ( K e l l y , 1955) 
6.3. The adaption of Kelly's method described i n his own words i n 
paragrapli 6.2, i n t o the format used by the author, f a l l s i n t o a 
number of separate areas. These are l i s t e d below. (The 
numbers i n parenthesis indicate the paragraph number i n which 
the point i s elaborated). 
Purpose and function of the g r i d {6 A) 
Size of g r i d (6.5) 
Element Selection (6.6) 
Construct Selection (6.7) 
Scoring system (6.8) 
Analyses (6.9) 
Administration procedure, l ^ e l i a b i l i t y and 
V a l i d i t y (6.10) 
6.^. In order to investigate the specified hypothese (Chapter 3 ) , 
an instrument was recjuired which permitted aspects of 
pedagogic practice to be i d e n t i f i e d and c l a s s i f i e d i n t o 
'teaching p r o f i l e s , ' f o r both i n d i v i d u a l s , and groups of 
respondents i d e n t i f i e d as e x h i b i t i n g a comnon a t t i t u d e to one 
or more factors of a t t i t u d e to Physics. In deciding to adopt 
a methodology based on a t t i t u d e scaling and tlie repertory g r i d , 
the author chose a cognitive stance which did not impose onto 
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the populations being studied any behaviourally specified 
pedagogic practices. The onus was, instead, placed on the 
representatives of those populations t o generate t h e i r own 
c r i t e r i a perceived as relevant to the c l a s s i f i c a t i o n of 
teaching. An example drawn from the medical profession might 
c l a r i f y the way i n which t h i s stance placed the onus on the 
respondent rather than the researcher. 
A medical doctor, upon f i r s t meeting a p o t e n t i a l patient i n his 
consulting room, may adopt one of two s t r a t e g i e s (or some 
amalgam of both). He miglit »pass the time of day' with i d l e 
conversation w h i l s t systematically applying t e s t s t o the c l i e n t 
i n order to ascertain what i s wrong with him. A l t e r n a t i v e l y , 
he may ask the d i r e c t question 'what appears t o be wrong w i t h 
you?' In the l a t t e r case, the c l i e n t i s i d e n t i f i e d as the 
expert, f o r only he "knows" what i s 'wrong,' the task f o r the 
doctor i s then to t r a n s l a t e a non-technical non-specific 
description i n t o a class of i l l n e s s t o which a standard remedy 
may be prescribed. Clearly the manner i n which the doctor i n 
my example frames h.i.s questions w i l l expedite diagnosis. 
The author used the repertory g r i d as a systematic way of 
asking questions about physics teaching i n general and 
s p e c i f i c a l l y regarding perceived effectiveness of t h a t 
teaching. The g r i d method can be used i n order to provide 
composite 'pictures' of e f f e c t i v e physics teaching as perceived 
by the classes of respondents i d e n t i f i e d i n Chapter 5, 
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The p a r t i c u l a r decisions which had t o be taken i n order t o use 
a g r i d based method to achieve t h i s end are described i n the 
following paragraphs. 
6.5, A construct must not be confused with the verbal l a b e l which 
may be used t o name i t , some constructs may not be verbally 
symbolized w h i l s t others may be very inadequately named by 
words. Provision must, however, be made f o r the respondent t o 
w r i t e some verbal representation of his construct. The g r i d 
format used r e f l e c t e d common practice amongst many users of the 
technique by consisting of columns of elements and rows f o r 
constructs with a spaee mode available f o r the construct 
description i n each row. The size of g r i d i s the f i r s t 
variable needing to be established. There i s evidence from 
Kelly (1955) and other researchers to suggest t h a t respondents 
r a r e l y need more than 20 spaces f o r construct.. The author 
therefore adopted 20 as the number of const^^ucts spaces (no. 
of rows) on his g r i d . In the subsequent data c o l l e c t i o n 
phase of the research many respondents found i t d i f f i c u l t to 
progress beyond twelve t o f i f t e e n rows and there i s evidence 
to suggest that those who did ' f i l l ' the g r i d frequently used 
verbal descriptions f o r constructs towards the end of the g r i d 
wliich were on the surface quite d i f f e r e n t to those used 
e a r l i e r ^ b u t which correlated very highly with previously 
specified constructs. One can conclude, therefore, that i n 
selecting 20 as the number of constructs permitted i n the g r i d 
the author was u n l i k e l y to be l i m i t i n g any indivi^*ual 
respondent's exploration of his t o t a l component space with 
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respect to the element sample. There i s less guidance from 
the l i t e r a t u r e i n selecting the number of elements f o r 
i n c l u s i o n . Clearly the elements need to representatively 
sample the construct space of each respondent (see paragraph 
6.6), but equally important i s the need to keep the g r i d 
completion time w i t h i n reasonable l i m i t s . Such c o n f l i c t i n g 
demands may be considered i n r e l a t i o n t o other research 
conducted using g r i d s . An a r b i t r a r y choice of 20 elements 
seemed appropriate f o r a number of reasons. Such a number 
produced a symmetrical 20 x 20 g r i d which could be completed 
w i t h i n a 2i hour time l i m i t by the maj o r i t y of respondents. 
The chances of 20 elements representatively sampling the 
component space of each respondent was high, and i n any event 
a check could be made fo r each subject^and i f the sample proved 
to be unrepresentative f o r him that data could be excluded from 
the f i n a l analysis. The g r i d format thus decided^the 
graphical layout could be f i n a l i s e d and grids p r i n t e d . 
Appendix 2 includes a copy of the g r i d format used. 
6.6.1. Adopting a g r i d :-;a^ ed methodology permits considerable 
autonomy to the researcher i n se l e c t i n g the elements he 
proposes to use. Some examples of d i f f e r e n t classes of 
'Elements which have been used are: photographs of people 
(Bannister 1962), standing models (Salmon 1976), s i t u a t i o n s 
(Fransella 1972), occupations (Shubsachs 1975), and many 
others. The author, i n his endeavour to i d e n t i f y aspects of 
pedagogy^decided to choose teachers^and as the pedagogic 
practice was to be s p e c i f i c a l l y r e l a t e d to physics teaching, 
these teachers were to be of tha t d i s c i p l i n e . (Subsequent 
106 
research has shown such d i s c i p l i n e based concern to be less 
important than the author thought a t tha t time: Keen & Hopwood 
1978)). Certain c r i t e r i a must be applied to element selection 
which l i m i t s the researchers autonomy. I f constructs r e l a t e d 
to physics teaching are to be e l i c i t e d , then the elements must 
f a c i l i t a t e such e l i c i t a t i o n by enabling discriminations to be 
made between t r i a d s selected from the element sample relevant 
to pedagogic pra c t i c e . No matter how c a r e f u l l y an element 
sample i s drawn from the universe of p o t e n t i a l elements, there 
w i l l be some elements which f a l l outside the range of 
convenience of some constructs used by some respondents. 
There must therefore be provision f o r any i n d i v i d u a l respondent 
to i n d i c a t e when a construct i s inapplicable to a specif i e d 
element, and such provision was included i n the grids used by 
the author (paragraph 6.8,). 
The elements, as has already been implied, need to be 
representative of the universe from which they are drawn. 
Thus the twenty physics teachers i d e n t i f i e d as elements i n the 
g r i d must be representative of the universe of physics teachers 
This apparently d i f f i c u l t task can be undertaken i n a v a r i e t y 
of ways; the author adopted a strategy which selected 
representative elements i n the manner described i n paragraph 
6.6.2. 
6.6.2. The pedagogic practices v/hich required i d e n t i f i c a t i o n by the 
g r i d were those related to perceived effectiveness. The 
f i r s t ttiree elements were, therefore, e a s i l y specified as ro l e 
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t i t l e s . 
A- Self (me as a teacher of physics). 
B. The most e f f e c t i v e teacher of physics I now know, 
or have ever known, 
C, The most i n e f f e c t i v e teacher of physics I now know, 
or have ever known. 
Both the ' e f f e c t i v e ' and ' i n e f f e c t i v e ' elements were required 
as a means of checking that pedagogic practices which 
distinguished between the s e l f and the e f f e c t i v e teacher were 
also c r i t e r i a which were related to effectiveness. Evidence 
w i l l be presentd l a t e r to show t h i s to be an essential cheeky 
as i t was not uncommon f o r subjects t o specify constructs 
(such as good d i c t i o n - poor d i c t i o n ) which, when applied, 
c l e a r l y distinguished themselves as being quite d i f f e r e n t from 
e i t h e r the e f f e c t i v e or i n e f f e c t i v e elements^but which 
generated no apparent d i s t i n c t i o n between these l a t t e r two 
elements. (The i m p l i c a t i o n being t h a t d i c t i o n i s not a 
c r i t e r i o n which may be used to assess effectiveness; See 
Chapter 9 ) • 
Further r o l e t i t l e s were then used to sample each respondent's 
experience of physics teaching. I n order to generate these a 
group of le c t u r e r s were asked/to nominate physics teachers who 
were memorable to them f o r any reason and to add t o the l i s t 
produced any teachers known to them and whose teaching i s 
f a m i l i a r to them. Twelve teachers undertook t h i s task; a l l 
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the people named or described on a l l twelve l i s t s could be 
c l a s s i f i e d w i t h i n the following t h i r t e e n categories:-
1. Myself. 
2. The teacher I now believe t o be the most e f f e c t i v e 
teacher of physics I now know or have ever known. 
3. The teacher I now believe t o be the most i n e f f e c t i v e 
teacher of physics I know or have ever known. 
^. The most senior physics teacher i n my own 
i n s t i t u t i o n excluding myself. 
5- A teacher who taught mc physics a t school. 
6. A teacher who taught me physics a t a post school 
i n s t i t u t i o n . 
7. Another physics teacher, (other than those l i s t e d ) , 
t h a t I used t o know or work w i t h . 
8. Yet ano^-her physics teacher, (other than those 
l i s t e d ) , t h a t I used t o know or work w i t h . 
9. My colleague A, 
10. My colleague B. 
11. Up t o three nondescript 
12. persons t h a t could not 
13. be otherwise c l a s s i f i e d . 
These t h i r t e e n categories became t h i r t e e n elements i n the 
proposed g r i d i n the foll o w i n g s l i g h t l y modified form* 
A. Myself (as a teacher of physics), 
B. The teacher I now believe to be the most e f f e c t i v e 
teacher of physics I now know, or have ever known. 
C. The teacher I now believe to be the most i n e f f e c t i v e 
teacher of physics I know or have ever known. 
D. The most senior physics teacher i n my own 
i n s t i t u t i o n excluding myself. 
E- Any teacher who taught me physics at school. 
(Excluding any people named on previous cards), 
F. Any teacher who taught me physics at any post 
scliool educational or i n d u s t r i a l i n s t i t u t i o n 
(excluding any people named on previous cards). 
G. Any other physics teacher whom I know or have known 
(excluding colleagues working i n the same i n s t i t u t i o n 
as myself and any teacher already named). 
11. As for G. 
I , My colleague (excluding any teacher already named). 
3. As f o r I . 
K, Add anyone, or leave blank. 
L. Add anyone, or leave blank, 
M. Add anyone, or leave blank. 
These elements r e f e r t o the column headif^gs on the g r i d 
referred to i n paragraph 7,5. and i l l u s t r a t e d i n Appendix 5/ . 
Adopting such an approach to r o l e t i t l e element e l i c i t a t i o n 
assists the user i n his attempt to produce representative 
elements. However, representativeness has two le v e l s of 
i n t e r p r e t a t i o n . The strategy described i s l i k e l y t o . 
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(although the reader has not been provided with any evidence 
t h a t i t w i l l ) , produce a set of elements representative of the 
respondents construction of physics teaching. I t i s l i k e l y 
t h a t d i f f e r i n g respondents w i l l have been exposed t o quite 
d i f f e r e n t samples of physics teaching themselves - i t would not, 
fo r instance, be unreasonable t o expect a p r a c t i c i n g teacher and 
graduate of physics of many years experience, to have been 
exposed to a greater sample of the universe of physics teaching 
than a f i r s t year undergraduate reading physics. The element 
sample e l i c i t e d by the t h i r t e e n role t i t l e s l i s t e d would 
therefore be quite d i f f e r e n t i n the extent to which i t may 
sample the t o t a l universe of physics teaching. Turthermore, 
each i n d i v i d u a l respondent w i l l have named d i f f e r e n t persons 
for each r o l e t i t l e ^ r e n d e r i n g any comparison between respond-
ents quite inappropriate. 
Thus to improve the element sample soxc mechanism was required 
which increased the representativeness of the sample i n 
r e l a t i o n to the t o t a l universe of physics teaching and yet was 
common to a l l responden(;s^ thus p e r m i t t i n g comparisons 
between ind i v i d u a l s and groups of i n d i v i d u a l s . Elements 
consisting of video-taped episodes of physics teachers i n 
'action', which could be viewed by a l l of the respondents, 
would achieve the required objective providing care was taken 
to ensure the episodes chosen were themselves covering a wide 
range of pedagogic s t y l e s . 
A t o t a l of s i x hours of video-tape was made a t a v a r i e t y of 
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locations i n Great B r i t a i n , i n both U n i v e r s i t i e s and 
Polytechnics. The teachers video-taped were i n i t i a l l y 
approached by the author and given a guarantee of anonymity. 
A r t i f i c i a l i t y was minimised i n a v a r i e t y of ways. The author 
obtained a range of convenient dates and times to v i s i t and 
video-tape episodes from each contact who had agreed to 
'volunteer.' Filming was then undertaken by 'surprise' with 
no p r i o r warning given. This approach proved costly, as time-
tables are amended rather more frequently than one might 
expect, and on a number of occasions the author a r r i v e d to f i n d 
the arranged teaching episode to have been cancelled! Where 
video-taping could proceed, the author alone stayed i n the room 
with portable t e l e v i s i o n camera/recorder using normal l i g h t i n g 
l e v e l s . This reduced the tension caused by technicians and 
l i g h t s ^ b u t introduced an i n e v i t a b l e loss i n q u a l i t y . Audio 
reci.irding was f a c i l i t a t e d by using a radic microphone carried 
by the teacher i n his pocket and freeing him from s t a t i c 
microphone positions or t r a i l i n g leads. F i n a l l y , each session 
was observed from beginning t o end (with times varying between 
one hour and four .'.oi-rs), yet only 20 minutes of f i l m was taken 
of each encounter. This s e l e c t i v i t y introduced e d i t i n g 
s u b j e c t i v i t y ^ but increased v a l i d i t y as neither the teacher nor 
:^he class knew when recording was a c t u a l l y happening,and i n 
consequence normal r e l a t i o n s h i p s were usually maintained with 
the author being forgotten or ignored soon a f t e r commencement. 
F i n a l l y , at the end of each session the class were informed of 
the nature of the research, t o l d how the video-tapes would be 
used and asked i f any objected to being included. The usual 
guarantee of anonymity was given. No group objected^and i n 
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consequence a l l the video-tape which was taken could be 
u t i l i s e d . 
In a d dition to the s i x hours of video-tape recorded 
s p e c i f i c a l l y f o r the research, the author had met colleagues 
from other i n s t i t u t i o n s who placed at his disposal nearly four 
hours of video-taped material r e l a t i n g to physics teaclu.ng. 
From the ten hours of video-taped material a v a i l a b l e , seven 
(to add to the 13 r o l e t i t l e elements i n order to reach the 
chosen 20 element sample size) episodes of such a duration t h a t 
a l l seven could be viewed w i t h i n a tinie l i m i t of 30 minutes 
were required. The time l i m i t was set p a r t l y to ensure a l l 
seven episodes could be seen consecutively on one 30 minute 
tape, but more importantly to l i m i t the time f o r the t o t a l 
administration session (already 30 minutes a t t i t u d e Inventory 
pluc 2 hours 30 minutes g r i d ) to a maximum of three and a h a l f 
hours-
Before describing the method used to produce the seven episodes, 
and to check t h e i r representativeness, a digression i s required 
i n t o g r i d theory to explain how representativeness may be 
tested. 
I n paragraph 6.10. the method of g r i d analysis i s considered at 
lengthjbut f o r the purpose of t h i s exercise i t i s s u f f i c i e n t to 
consider what a construct system i s , and how an element may be 
located w i t h i n i t . For the reader who requires a more 
thorough mathematical treatment paragraph 6.10. should now be 
read before continuing. 
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One can describe an indj.viduaJ.'s component space as an 
n - dimensional hyposphere i n which a l l constructs and a l l 
elements liave a unique l o c a t i o n . An example may be used to 
i l l u s t r a t e the point: 
Consider a hypothetical respondent c a l l e d Fred, who, no matter 
what the topic of conversation, endeavours t o r e l a t e i t to h i s 
p a r t i c u l a r i n t e r e s t . We commonly say such an i n d i v i d u a l has a 
'one track mind,' or^to use the parlance of g r i d technique^he 
could be considered uni-dimensional i n his outlook. I f such a 
character completed a g r i d where a i l the elements were people 
i n his acquaintance, and a l l the constructs related to the 
conversations he had had with them, subsequeiiJ: analysis might 
show only one component to be s i g n i f i c a n t f o r him. Thus his 
n-dimensional hyposphere becomes a one dimensional component 
cr , i n p i c t o r i a l terms, a s t r a i g h t l i n e . 
Figure 6/1 i l l u s t r a t e s Fred's component space. 
FIGURE 6/1 
POSITIVELY 
IRRELEVANT 
TO MY I-
• sf^ORTS' 
INTEREST. 
Id 
'ORIGIN' OR 
POINT OF TOTAL 
UNCERTAINTY. 
POSITIVELY 
a RELEVANT 
^ 1 TO NY 
•SPORTS' 
INTEREST. 
I f Fred i s pr i m a r i l y interested i n 'sport,' his component may 
be defined as shown i n the f i g u r e . Every element (person) and 
every construct w i l l have a unique l o c a t i o n somewhere on the 
l i n e -
ll^^ 
Point *b' may have been someone who plays g o l f and i s 
c l a s s i f i e d by Fred as being at t h i s p o s i t i o n on the component 
i n comparison with point 'a' which i s Fred, i . e . where he 
places himself (another element) on the component. Point 'e' 
may have been a construct a r i s i n g out of a conversation on 
cooking which Fred considers i r r e l e v a n t to h i s unidimensional 
i n t e r e s t . Point 'd' corresponds to t o t a l uncertainty. 
Fred's brother, Peter, i s not unlike Fred. He and Fred share 
t h e i r sporting enthusiasm, but Peter has a two-dimensional 
component space i l l u s t r a t e d i n Figure 6/2. 
FIGURE 6/2. A two-dimensional component spaci 
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One can look at the same elements and constructs i n t h i s new 
two-dimensional space, 
Peter places himself (a) a long way from the o r i g i n and ^5° 
between the two components. He c l e a r l y perceives himself as 
both i n t e r e s t i n g and 'sporty*, and he i s very confident about 
t h i s c l a s s i f i c a t i o n because the p l o t i s a long way from the 
o r i g i n . The g o l f i n g person 'b' i s si t u a t e d ^5° between the 
components,but nearer the o r i g i n . Peter perceives him as 
'sporty' and not i n t e r e s t i n g , b u t he's less c e r t a i n (nearer the 
o r i g i n ) than he was f o r himself. 
The t h i r d person (d) he i s uncej^tain about i n r e l a t i o n to the 
'sporty' component, as was Fred, but quite sure on the 
' i n t e r e s t i n g ' component. The converse \b true f o r the 
construct on cooking ( e ) . 
The reader w i l l perceive that the exercise may be continued 
i n t o 3, ^, 5 or n components^although conceptual d i f f i c u l t y 
arises when more tK::n three components have to be v i s u a l i s e d . 
Provided that the elements used i n a given g r i d may be plot t e d 
.".;;:;o the component map, the distance of the element from the 
o r i g i n w i l l provide a good i n d i c a t i o n of how c l e a r l y i t was 
constructed, w h i l s t the d i s t r i b u t i o n of p l o t s w i l l i n d i c a te 
representativeness. This describes the technique used to 
check the representativeness of the video elements used by the 
author. The technique i s , however, not without flaw. The 
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element p l o t bears some strong resemblances to Heisenberg's 
Uncertainty P r i n c i p l e i n Physics. 
The Heisenberg uncertainty p r i n c i p l e i s concerned w i t h the 
measurement of the v e l o c i t y and loc a t i o n of a p a r t i c l e or 
photon. The wave theory of l i g h t describes the motions of 
photons s t a t i s t i c a l l y ^ b u t f a i l s to specify i n d e t a i l how a 
given photon w i l l move. The wave theory of matter describes 
the probable loc a t i o n of p a r t i c l e s , b u t f a i l s to specify precise 
o r b i t s of the kind described by Btihr. I n simple terms 
Heisenberg states t h a t we may, with precision, e i t h e r know the 
location or v e l o c i t y of a p a r t i c l e but not both. The P a r a l l e l 
the author wishes to draw i s concerned with element locations 
i n component space. S t a t i s t i c a l computations may be made on 
gr i d dataj,and graphical p l o t s of the kind i l l u s t r a t e d i n Figure 
6/2 can be produced with ease. They c l e a r l y give the precise 
location of every element i n the respondent's component space, 
but such precision necessitates the i n t r o d u c t i o n of some 
uncertainty regarding how the observer i n t e r p r e t s t!ie 
respondent's eleme.-^t. I f t h i s uncertainty i s reduced by 
lengthy, and d e t a i l e d , f o l l o w up discussions with the respondent^ 
then the p l o t ceases to be v a l i d as the discussion w i l l have 
ir.fined the respondent's c l a s s i f i c a t i o n of the element and i t 
w i l l have moved e i t h e r i n his component space, or a l t e r n a -
t i v e l y , his component space may be re-defined. Thus a 
researcher using g r i d methodology may ei t h e r know the loca t i o n 
of an element i n a respondent's component space, 0£ his 
construction of the element^but not both. 
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To return to the main argument, i t must f o l l o w t h a t , given the 
l i m i t a t i o n s perceived w i t h i n the element p l o t technique, there 
remains the p o s s i b i l i t y of using these p l o t s as a means of 
assessing representativeness. The author has used such a 
technique. Jt should be noted, however, th a t such a strategy 
improves the chances of selecting representative element 
samples but, f o r the reasons c i t e d , cannot guarantee represent-
ativeness u n t i l the grids have been completed by the 
respondents and subsequently tested i n the manner described. 
The ten hours of video-tape was viev^ed many times by the author 
together with two colleagues s k i l l e d i n the use of microteachiny 
(The author, together with Mopwood, developed a microte<?.ching 
c l i n i c at Plymouth Polytechnic, where video analysis of 
pr a c t i c i n g teachers was used to assess and improve e f f e c t i v e -
ness). From t h e i r observations, twenty-seven ' c l i p s ' were 
i d e n t i f i e d as e x h i b i t i n g s p e c i f i c but d i f f e r e n t teaching s t y l e s . 
These 27 ' c l i p s ' became the elements of a g r i d which was 
completed by eleven volunteers (who were the same people who 
had been judges i n the Tliurstone process used to develop the 
a t t i t u d e inventory). A l l the grids were placed end to end to 
form one mammoth g r i d 27 elements wide, and 189 constructs long. 
Tills g r i d was analysed and an element p l o t made. The r e s u l t -
ant component space (which was a 3-dimensional space a t the 
.05 l e v e l of significance) was then considered. Seven video 
' c l i p s ' were selected from the sample of 27 such t h a t they were 
spread as evenly as possible throughout the combined component 
space of the eleven respondents. I n order to achieve t h i s end 
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a rather cumbersome method was used. (Since then a rather 
more sophisticated mathematical analysis has been developed). 
The 3-dimensional component space was represented by a sphere. 
The projections of a l l the elements onto the surface was 
obtained from the 3 two-dimensional p l o t s (Components 1 vs 2; 
2 vs 3 and 3 vs 1) and pieces of paper glued onto the surface 
to represent each element. The surface was then divided i n t o 
seven equal area d i v i s i o n s and one element selected from each 
d i v i s i o n . Had any of the seven areas been devoid of elements, 
the experiment thus f a r would have had to be repeated^ as the 27 
o r i g i n a l video-tapes would have proved devoid of c e r t a i n 
pedagogic sLyles. I n p r a c t i c e , every area had at least one 
element w i t h i n i t . Where more than one element was av a i l a b l e , 
then the one which was construed with greatest c e r t a i n t y was 
chosen. (As decided by i t s actual distance from the o r i g i n ) . 
Thus seven video-tapes were chosen as the remaining elenients 
f o r the g r i d desigri used i n the research. I t w i l l be observed 
that the described method of selecting the video-lapes was 
based on the combined component space of eleven volunteer 
respondents. The actual representativeness could, therefore, 
not be guaranteed f o r a l l the respondents. A check was b u i l t 
i n t o tlie analysis which computed the distance between elements 
f o r these seven s p e c i f i c elements. Where t h i s proved the 
element sample to be unrepresentative f o r a given respondent, 
his g r i d was not included i n the research data. Of 75 
respondents J three had to be rejected against t h i s c r i t e r i a . 
Paragraph 6.9. explains how the video-tapes were used i n 
e l i c i t i n g constructs frcm respondents. 
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6.7.1. The instrument, i f to be of value, must be useful', i t must 
be able to be used to embrace the f u t u r e as w e l l as pigeon-hole 
the past. The method must therefore e l i c i t permeable 
constructs. Permeable constructs are those t o v/hose context 
new elements can be added; they are s t i l l being developed by 
the person as a means of organising and summarising new 
evidence or events. The f i r s t c o n s t r a i n t on the design, 
therefore, i s the need to e l i c i t these permeable constructs. 
This, of course, precludes the p o s s i b i l i t y of using only 
supplied constructs,but does not preclude the p o s s i b i l i t y of 
having a mix of supplied and e l i c i t e d constructs. I t must be 
remembered also that repertory g r i d techniques are only an 
e f f i c i e n t and e f f e c t i v e way of c o l l e c t i n g tlie data that could 
otherwise be obtained by s k i l l e d i n t e r v i e w . (Bannister and 
Hair 1968). The same caution r e l a t i n g t o a p p l i c a b i l i t y must 
therefore apply, namely the a p p l i c a b i l i t y generally of one 
person's view, or indeed the inference t h a t a man's view today 
w i l l remain constant. Kelly's theory, ho.vever, i s one whicii 
acknowledges the p o s s i b i l i t y of changes w i t h i n an i n d i v i d u a l at 
a v a r i e t y of l e v e l s . Within some parts of a person's 
construct system, minute-to-minute or day-to-day f l u c t u a t i o n s 
and changes may be conomon, while other constructions may remain 
stable over longer spans, an:), some may show l i t t l e f l u c t u a t i o n 
across a period of years. 
In the Rep. g r i d , the researcher cannot assume t h a t the words 
used by the subject, to describe the construct discriminations 
he i s making, mean much the same t o the subject as they do to 
him. This i s an assumption underlying a l l questionnaire and 
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r a t i n g scale approaches to data c o l l e c t i o n . 
Sometimes a subject w i l l provide the same word to specify one 
pole or another of constructs derived from d i f f e r e n t t r i a d s . 
The researcher has to assess whether the same word covers a 
s l i g h t l y d i f f e r e n t construct, or whether the same t o t a l 
dimension i s being repeated. I n the former instance, the 
construct (including both emergent and i m p l i c i t poles) would be 
retained; while i n the l a t t e r instance, the subject would be 
asked to thi n k of some other dimension of di s c r i m i n a t i o n between 
the figu r e s involved. One of Kelly's main concerns was with 
the importance of e l i c i t i n g personally s i g n i f i c a n t constructs', 
t h i s must be considered when supplied constructs are being used 
rather than e l i c i t e d constructs. Although i t seems quite 
l e g i t i m a t e to supply constructs or rather labels which, f o r the 
subjects, may represent constructs ( a f t e r a l l we do i t every 
day when we hold a conversation), exclusive use of supplied 
words seems to negate the important ideas i n construct theory 
noted i n the i n d i v i d u a l i t y c o r o l l a r y (Kelly 1955). 
I n t e r p r e t a t i o n of wurd labels used by respondents, or indeed an 
understanding of what they perceive as an i n t e r p r e t a t i o n or a 
supplied word l a b e l , can often be aided by reference to c e r t a i n 
r:^at;-,cmatical features of construct l i n k s demonstrated i n the 
g r i d . Where some constructs are supplied and others e l i c i t e d , 
then some understanding of the meaning ascribed to the 
construct labels supplied by the examiner, i n terms of the 
subject's system, can be gained from examining the mathematical 
relationships between supplied and e l i c i t e d constructs. 
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Tills p a r t i c u l a r discussion can be summarised i n the statement 
that g r i d methods do not assume that the subject means what the 
n . . . . . , 
experimenter means by p a r t i c u l a r verbal labels involved i n the 
t e s t - on the contrary, the method i s designed to help 
ascertain what tlie subject means by p a r t i c u l a r verbal labels. 
With g r i d method, i t i s possible to attempt an assessment of 
the p a r t i c u l a r and personal d e f i n i t i o n s which a subject attaches 
to the words he uses, by examining the element selections made 
on the basis of his constructs, and by quan t i f y i n g the i n t e r -
r e l a t i o n s l i i p s between these constructs. 
One of the o r i g i n a l features of g r i d form, which has been 
ignored i n more recent studies, i s the insistence t h a t the 
subject specify both poles of each construct. This problem 
p a r t i c u l a r l y arises when constructs are supplied. While the 
supplied emergent pole of a construct may be trr,iislated by the 
subject i n t o his own terms, the supplying of a contrast pole 
may saddle the subject with what, f o r him, are poles of two 
d i f f e r e n t constructs, causing him to work his way round a 
psychological corner when ranking or a l l o t t i n g his elements. 
I t would seem advisable to check on the subject's view of the 
contrast when constructs are being supplied. I t f o l l o w s , 
therefore, that i n conceptual analyses, single dimensions, as 
commonly used i n g r i d format, may introduce unnecessary 
a r t i f i c i a l i t y . Kelly was c e r t a i n l y aware of the importance of 
avoiding the l i m i t a t i o n s imposed by too concrete a use of h i s 
methods, but the tendency to use single-word descriptions of 
constructs i s s t i l l common i n g r i d work^although less so than 
was the case a few years ago. 
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I n summary then, i t would appear th a t there are advantages t o 
be obtained from using a mixture of supplied and e l i c i t e d 
constructs; however, when bi-polar constructs are provided the 
mis-match between the researcher and respondents' d e f i n i t i o n of 
the construct can lead t o a loss of v a l i d i t y . Overcoming t h i s 
problem by the provision of only the emergent pole of a 
construct seems a less than adequate s o l u t i o n . 
I n t h i s study, the author has adopted a technique, which seems 
to have been l i t t l e used previously. Constructs have not been 
provided but instead the respondent was given a l i s t of 
construct labels which he may have glanced through i f at any 
stage he found d i f f i c u l t y i n formulating the pa i r and singleton 
from the t r i a d . These supplied constructs were, of course, 
bi-polar but only one pole was stated, and i t could have been 
ei t h e r the emergent or i m p l i c i t poles as the subject decided. 
The l i s t , w h i l s t not exhaustive, d e l i b e r a t e l y r e l a t e d to those 
aspects of pedagogic s t y l e often c i t e d by educationalists as 
being important a t t r i b u t e s of teaching. (The author always 
discussed with the respondent his "agreed" i n t e r p r e t a t i o n of 
each construct i f requested. The "agreed" i n t e r p r e t a t i o n was 
based on the notes f o l l o w i n g each construct, but the 
respondent did not have a copy of these notes unless he 
s p e c i f i c a l l y asked the administrator f o r an explanation or 
d e f i n i t i o n ) . 
Experience gained i n administering the g r i d t o the seventy-
f i v e respondents i n the research has indicated t h a t f o r a l l but 
a few, such a l i s t was not required u n t i l a f t e r the f i r s t ten 
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constructs had been e l i c i t e d . 
6.7.2. The minimum context card form of construct e l i c i t a t i o n was 
used, each respondent being presented with t r i a d s of elements 
and asked t o determine some important way i n which two were 
a l i k e , and yet, by the same token, d i f f e r e n t t o the t h i r d . 
The t r i a d s were i d e n t i f i e d by shaded c e l l s on the g r i d 
i l l u s t r a t e d i n the appendix. Whilst there are no rul e s 
appertaining to t r i a d s e l e c t i o n , a description of how the 
author designed the t r i a d sequence i s important. 
The selection was p a r t l y systematic, p a r t l y i n t u i t i v e and 
p a r t l y randomI ' The stages were as foll o w s . 
FIGURE 6/3 ABOUT HERE 
a) Each row required a t r i a d . There are 21 provided rows and 
so 63 c e l l s were av a i l a b l e f o r d i s t r i b u t i o n . 
b) Logically each element should be contained i n a t r i a d the 
same number of times and so each element was allocated 
three c e l l s . 
c) The three remaining c e l l s were allocated to the 'myself* 
element to encourage respondents t o consider constructs 
most relevent to themselves. 
d) Elements R, S and T were l i k e l y t o be f i l l e d by fewer 
respondents and so one c e l l was subtracted from each and 
12^ 
FIGURE 6/3. A reduced copy of g r i d format with t r i a d s 
marked x. 
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allocated to F, I and ;^^being the three elements common 
to a l l twelve of the i n i t i a l panel used i n selecting the 
element descriptions. 
e) The f i n a l d i s t r i b u t i o n became:-
A B C D E F G N I 3 K L I-t N 0 P Q R 5 T 
6 3 3 3 3 ^ 3 3 ^ 4 3 3 3 3 3 3 3 2 2 2 
f ) I n order to f a c i l i t a t e the generation of new constructs, 
no element should be used more than three times 
consecutively and preferably not more frequently than twice 
i n three rows. The exceptions to t h i s general r u l e i s 
where between-clement comparisons were to be encouraged 
(e.g. with the video-tapes) or where groups of elements 
could be i d e n t i f i e d as having s i m i l a r i t i e s , or f a l l i n g 
closely together^ and whicii could therefore be used to force 
the respondent to make f i n e r d i s t i n c t i o n s . 
g) Bearing i n mind the comments i n the previous six stages, 
the actual d i s t r i b u t i o n was undertaken i n a systematic 
manner with random changes of emphasis a f t e r rows 5, 12, 15 
and 16. 
h) F i n a l l y , i t should be emphasised th a t i t r e a l l y doesn't 
matter how the t r i a d s were selected as they are only used 
as a means of aiding construct formation. I t would have 
been equally v a l i d to e i t h e r deal three cards a t random, 
or to have l e t the respondent select any three cards from 
choice. The only advantages of the system adopted here 
are i ) Each element i s used on average three times, 
i i ) The procedure i s common to a l l respondents. 
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6.8. In the i n i t i a l Kelly g r i d the subject provided his 
discrimination between the elements i n the f i r s t t r i a d , then 
the administrator put a t i c k i n the appropriate g r i d c e l l s f o r 
the two elements which are subsumed by the emergent pole of 
the construct, (the emergent pole being the end which describes 
the p a i r ) and leaves the c e l l r e l a t i n g to the singleton element 
blank. He then asks the subject to look at the people named 
on a l l the other cards and c l a s s i f y them as being one or other 
end of his construct. The administr.^tor i n s e r t s t i c k a or 
leaves blank as appropriate. I f the subject f i n d s i t 
impossible to place the element on e i t h e r the emergent pole or 
the i m p l i c i t pole, then the administrator inserts a cross. 
The choices f o r the second row are recorded i n a s i m i l a r 
fashion on the prepared g r i d matrix. 
This whole process i s then repeated a f u r t h e r 15 or 20 times, 
with groupings of three figures being used as contexts f o r the 
c l i c i t a t l o n of constructs - constructs from the r e p e r t o i r e 
(hence the term repertory g r i d ) whicli the subject uses to 
structure his inter-personal world- The examiner tlien has 
before him a g r i d of t i c k s and blanks which formalises and 
represents the i n t e r s e c t i o n of various bi-polor construct 
dimensions with various external events ( i n t i i i s instance 
physics teachers) i n the subject's l i f e . 
When t h i s s t y l e of g r i d completion i s used, a simple form of 
analysis, c a l l e d matching scores, can be used. A matching 
score matrix i s s i m i l a r to a c o r r e l a t i o n matrix i n which low 
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scores represent p o s i t i v e a s s o c i a t i o n s . One of the f i r s t 
v a r i a t i o n s i n the method of g r i d completion o r i g i n a t e d from 
K e l l y . I n the v a r i a t i o n he suggested t h a t , when a c o n s t r u c t 
dimension had been e l i c i t e d from a s u b j e c t , the person should 
then be allowed freedom t o c l a s s i f y as many o r as few o f t h e 
o t h e r elements i n v o l v e d , as he saw f i t , under each po l e o f the 
c o n s t r u c t . This procedure p e r m i t s the appearance o f very 
l o p s i d e d c o n s t r u c t s - c o n s t r u c t s where very few elements are 
subsumed by one pole and many by the o t h e r . The problem w i t h 
t h i s i s t h a t two c o n s t r u c t s may show a high matching w i t h each 
o t l i e r (matchings c a l c u l a t e d by c o u n t i n g the numbers o f t i c k s 
c o i n c i d i n g w i t i i t i c k s , and blanks w i t h blanks i n a comparison 
i n v o l v i n g any two rows) suggesting a p o s i t i v e a s s o c i a t i o n 
between the two c o n s t r u c t s . However, t h i s matching may be 
misleading due t o t h e lopsidedness o f t h e response. 
Because of t f i e p o s s i b i l i t y o f d e r i v i n g d i s t o r t e d e s t i m a t e s o f 
c o n s t r u c t r e l a t i o n s h i p s when t h e s u b j e c t i s allowed complete 
freedom i n h i s choice of elements ( t o f i t one or o t h e r pole o f 
any c o n s t r u c t ) , a.''d because of the mathematical d i f f i c u l t i e s 
i n v o l v e d i n c o r r e c t i n g these b i a s e s , B a n n i s t e r (1959) 
suggested an a l t e r n a t i v e form f o r element alJ.otment. I n t h i s 
^.irm t h e s u b j e c t i s r e q u i r e d t o place h a l f t he element sample 
a t t h e emergent pole o f each c o n s t r u c t and the o t h e r h a l f a t 
the i m p l i c i t p o l e . This became known as the s p l i t - h a l f form. 
(Not t o be confused w i t h any s p l i t - h a l f r e l i a b i l i t y 
c o n s i d e r a t i o n which i s not a p p l i c a b l e t o g r i d t h e o r y ) . As 
already s t a t e d , i n B a n n i s t e r ' s s p l i t h a l f form, the s u b j e c t I s 
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required to place hal f of the elements at the emergent pole of 
each construct, and those which are l e f t are supposedly 
a l l o t t e d to the i m p l i c i t pole. Thus, constructs, which Kelly 
assumes t o be b a s i c a l l y dichotomous, must be used i n a scalar 
fashion, since the subject i s required to grade his elements 
to achieve an equal apportionment. He must decide which 
elements (people) show the various c h a r a c t e r i s t i c s s p e c i f i e d by 
each construct most markedly. When the constructs are being 
e l i c i t e d , t h i s procedure f o r element allotment necessitates 
t h a t some constructs be discarded, since some cannot be used 
r e a d i l y i n scalar fashion (e.g. male-female). t h i s procedure 
i s l i k e l y to eliminate grosslyJopsided constructs. This p r i o r 
s election of constructs seems b e n e f i c i a l from the point of view 
of gaining less d i s t o r t e d estimates of construct r e l a t i o n -
ships, but may w e l l r u l e out the p o s s i b i l i t y of exploring the 
various features of construct systems which may be associated 
with lopsided constructs. 
One immediate e f f e c t of the s p l i t - h a l f method (with 20 
elements) i s to r e s t r i c t the range of matching scores to 11 
points (as opposed to 21 i n the o r i g i n a l form) going up by 
steps of 2, from 0 t o 20. 
In a s p l i t - h a l f g r i d with 20 elements, matching scores of ^  
and 16 are s i g n i f i c a n t at the 1 per cent l e v e l , while matchings 
of 6 and lA^  have a p r o b a b i l i t y of association at the 12 per 
cent l e v e l . For most p r a c t i c a l purposes, matching scores 
between 8 and 12 can be regarded as w i t h i n the chance range. 
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This v a r i a t i o n demands t h a t the s u b j e c t makes d e c i s i o n s on a 
b l a c k / w h i t e b a s i s and i s not given the freedom t o p e r c e i v e 
shades of grey. As such demands are l i k e l y t o c o l o u r 
responses i t becomes d i f f i c u l t t o j u s t i f y the use o f t h i s 
v a r i a t i o n . 
A f u r t h e r v a r i a t i o n which overcomes many o f the problems 
i n h e r e n t i n the s p l i t - h a l f method i s the rank order form. 
Here, the s u b j e c t i s asked t o use h i s c o n s t r u c t s i n a more 
o v e r t l y s c a l a r f a s h i o n , and t o rank the elements from the one 
which he considers shows the p a r t i c u l a r c h a r a c t e r i s t i c ( i n d i -
cated by the emergent pole l a b e l ) most markedly t o the one 
which shows i t l e a s t ( i . e . t h a t whicli i s most c l e a r l y 
c h a r a c t e r i s e d by the c o n t r a s t p o l e ) . For example, he might 
rank the elements from the most i n t e l l i g e n t t o the most s t u p i d . 
Any rank order c o r r e l a t i o n a l method can then be used t o 
estimate the degree o f s i m i l a r i t y i n element placement on any 
two c o n s t r u c t s . Since c o r r e l a t i o n s are not l i n e a r l y r e l a t e d , 
the raw c o r r e l a t i o n estimates cannot serve as s e r e s . 
Construct r e l a t i o n s h i p scores are c a l c u l a t e d by squaring the 
c o r r e l a t i o n s and m u l t i p l y i n g by 100, thus p r o v i d i n g an 
estimate o f percentage varir.r.c.^. between the two c o n s t r u c t s 
represented by two g r i d rows. Here, s i g n i f i c a n c e l e v e l s are 
c a l c u l a t e d i n the usual manner f o r rank order c o r r e l a t i o n s , 
and, again, the same s i g n i f i c a n c e l i m i t s (degrees o f freedom 
e q u a l l i n g number of elements minus one) can be s e t t o apply t o 
the whole g r i d . Where n 10, the 5% l e v e l o f s t a t i s t i c a l 
s i g n i f i c a n c e ( o n e - t a i l ) i s reached w i t h a c o r r e l a t i o n of 
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rho = + o r - 0,564. However, i n g r i d work, there seems no 
good reason why the conventionally sacred l e v e l s o f 
significance should be given p a r t i c u l a r importance, since i t 
seems u n l i k e l y t h a t people, when using t h e i r construct systems, 
only make decisions when the p r o b a b i l i t i e s of er r o r s are 5 i n 
100 or less I 
This v a r i a t i o n , w h i l s t representing a d i s t i n c t improvement over 
the former, s t i l l f a i l s to produce an improvement over the 
o r i g i n a l form which i s s i g n i f i c a n t enough to merit i t s 
adoption. The p r i n c i p l e objection i n terms of t h i s research 
comes from the demand to rank the elements when i t i s 
conceivable t h a t on some constructs there may w e l l be a bias 
which should not be hidden by forced ranking. Whilst the 
respondent has the freedom t o elec t twenty equal f i r s t , i t i s 
highly u n l i k e l y V.hat he would do so. Where t h i s v a r i a t i o n 
r e a l l y scores i s i n i t s c a p a b i l i t y t o gr e a t l y increase the 
available range of scores i n any matching between element 
selections. 
There are an i n f i n i t e number of v a r i a t i o n s t o scoring repertory 
g r i d s ; those described are perhaps the most widely used. The 
t h i r d and f i n a l one to be c^onsidered has been less used than 
ei t h e r the s p l i t - h a l f or rank order forms and yet, as w i l l 
become evident, e x h i b i t s the greatest improvement i n 
f l e x i b i l i t y of the three! I t i s c a l l e d the r a t i n g form. 
When t h i s method i s i>sed f o r element allotment, the subject i s 
asked t o rate each element on each construct dimension. The 
subject may be asked to rate each element from "extremely" kind 
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t o "extremely" c r u e l . I f a seven p o i n t s c a l e i s used, the 
numbers 1 t o 7 may a r b i t r a r i l y index the amount of the 
c h a r a c t e r i s t i c a t t r i b u t e d t o each element. A l t e r n a t i v e l y , 
i f o n l y one pole of the c o n s t r u c t i s presented, t h e s u b j e c t 
may be r e q u i r e d t o r a t e each element on a s c a l e ranging from 
most k i n d t o l e a s t k i n d . The m i d - p o i n t r a t i n g can be used 
e i t h e r as an average p o s i t i o n , or ( i f a p p r o p r i a t e i n s t r u c t i o n s 
are g i v e n ) as a r a t i n g t o be given i n cases where t h e c o n s t r u c t 
dimension does not p r o p e r l y subsume the element, i . e . the 
element may be o u t s i d e the range of convenience of t h a t 
c o n s t r u c t . 
The r a t i n g method, on l o g i c a l grounds a t l e a s t ^ would seem t o 
o f f e r a number of advantages. The s u b j e c t i s allov/ed much of 
the freedom of K e l l y ' s o r i g i n a l method, i n t h a t he can nominate 
any niimber o f cJ :;ment5 he chocscs f o r e i t h e r pole o f any 
c o n s t r u c t . lie i s given the o p p o r t u n i t y o f making d i s t i n c t i o n s 
between people who, i n the o r i g i n a l methods, might r e c e i v e o n l y 
a u n i f o r m t i c k or an e q u a l l y u n d i f f e r e n t i a t e d blank- Although 
some fin e n e s s o f grading i s thus i n t r o d u c e d , i f f i v e - o r - s e v e n -
p o i n t scales are used, the amount of d i f f e r e n t i a t i o n r e q u i r e d 
o f the s u b j e c t i s not as g r e a t as t h a t demanded by the r a n k i n g 
method. Furthermore, the s'.i'?jent may g i v e the same r a t i n g t o 
elements which might be a r t i f i c i a l l y separated by the r a n k i n g 
method, where g e n e r a l l y no t i e s are a l l o w e d , though t h e r e 
seems no good reason why the r a n k i n g method should be l i m i t e d 
i n t h i s way. These two f e a t u r e s t o g e t h e r make i t p o s s i b l e 
f o r a s u b j e c t t o place a l l the elements a t one p o l e o f a 
c o n s t r u c t and y e t d i f f e r e n t i a t e between tiiem. 
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As has been i l l u s t r a t e d the problem of range of convenience can 
be s p e c i f i c a l l y acknowledged and p a r t i a l l y solved w i t h i n t h i s . 
type of format. Further, lopsided constructs need not be 
excluded from the g r i d examination. The range of possible 
scoring methods f o r t h i s g r i d form i s almost c e r t a i n l y greater 
than f o r any of the other forms already discussed. Matching 
scores of the type obtained i n Kelly's o r i g i n a l method can 
s t i l l be derived, and most c o r r e l a t i o n a l techniques can be used 
to provide r e l a t i o n s h i p scores of the type obtained with the 
rank order method. The aim throughout i s to give the subject 
as much freedom as possible t o express his judgements and to 
throw the onus of fo r m a l i s i n g and quan t i f y i n g on t o post-test 
s t a t i s t i c a l processing. 
Any size of r a t i n g scale may be acceptable, though f i v e or 
seven point scal'-.s would seem to be most s a t i s f a c t o r y . The 
primary d i f f i c u l t y w i t h a seven point scale i s g e t t i n g 
respondents t o use the whole of the scale*, w h i l s t 7, ^  and 1 
are ea s i l y i d e n t i f i e d as the emergent, centre and i m p l i c i t 
pole of the construct respectively, the apporti.-tning of 6, 5, 
3 and 2 i s d i f f i c u l t . I t i s f o r t h i s reason t h a t the author 
adopted a f i v e point scale ..., 
5. The emergent pole of the construct. 
1. The i m p l i c i t pole of the construct. 
3. The mid-point between emergent and i m p l i c i t poles. 
2 and easily i d e n t i f i e d as less extreme tendencies t o 
one or other of the two poles. 
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0. The score inserted when the element cannot be included 
on the construct scale. 
(The inclusion of 0 does not make t h i s scale a 6 point 
scale as '0* implies t h a t the scale i s in a p p r o p r i a t e ) . 
I t should also be noted t h a t respondents w i l l be encouraged to 
define the emergent and i m p l i c i t poles d i f f e r e n t l y , and only 
revert to the "black - not black" type of d i s t i n c t i o n when no 
other d e f i n i t i o n i s c l e a r l y evident. 
This can be i l l u s t r a t e d by an example:-
Suppose the t r i a d consisted o f : -
i ) himself 
i i ) the person to whom he i s responsible 
i i i ) a person responsible to him. 
Two possible constructs are 
Either: 
PAIR (emergent) ( i ) + ( i i i ) because t h e i r primary f u n c t i o n 
i s teaching. (Score 5 each). 
SIKGLETON ( i m p l i c i t pole) ( i i ) because his primary 
function i s not teaching. (Score 1 ) . 
Or: 
PAIR (emergent pole) ( i ) + ( i i i ) because t h e i r primary 
function i s teaching. (Score 5 each). 
SINGLETON ( i m p l i c i t pole) ( i i ) because his primary 
function i s ad m i n i s t r a t i v e . (Score 1 ) . 
I n t h i s case the l a t t e r would be a b e t t e r construct^because 
not only does i t define the s i m i l a r i t y between the p a i r , i t 
c l e a r l y shows why the singleton i s d i f f e r e n t . 
A v a r i e t y of s t a t i s t i c a l techniques are available f o r the 
analysis of the 'rati n g v a r i a t i o n ' of g r i d s ; the method adopted 
f o r analysis i n t h i s research i s described i n paragraph 6.9. 
6.9.1. A number of techniques are a v a i l a b l e f o r the analysis of g r i d s 
A l l the " c l u s t e r " approaches t o the analysis of g r i d data have 
as a main aim the e x t r a c t i o n of the more simple formal 
structure which i s obscured by the d e t a i l of the o r i g i n a l matrix 
- they y i e l d a simpler p i c t u r e , w i t h the inherent v i r t u e s and 
vices of s i m p l i c i t y . A number of computer programmes are 
available which allow f o r the f a c t o r i a l analyses of the grids of 
i n d i v i d u a l s or the averaged grids of groups. Amongst these are 
programmes f o r p r i n c i p a l component analysis. This analysis 
delineates s i g n i f i c a n t orthogonal s t r u c t u r e both of constructs 
i n r e l a t i o n t o elements, and of elements i n r e l a t i o n to 
constructs. 
I n adopting a f i v e point r a t i n g scale f o r the grids obtained i n 
t h i s research, the author included the f a c i l i t y to use zero as 
a s i x t h point f o r those elements which could not, i n the view 
of the respondent, be c l a s s i f i e d on the construct. 
Binner (1958) and Gottesman (1962), i n studying Kelly's notion 
of construct permeability, also encouraged subjects t o mark a 
zero i n the Rep t e s t when neither emergent nor contrast pole 
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could be a p p l i e d t o a f i g u r e . They used the sum o f a l l zeros 
i n a g r i d as a meosure of the p e r m e a b i l i t y o f the c o n s t r u c t s 
i n v o l v e d . This method o f element a l l o t m e n t i s s i m i l a r t o 
t h a t used by F j e l d and L a n d f i e l d (1961) and L a n d f i e l d (1967), 
but these w r i t e r s , l i k e Hess (1959), thought t h a t t he measures 
d e r i v e d were more r e l e v a n t t o K e l l y ' s concept o f range of 
convenience than t o p e r m e a b i l i t y . The author argues, as 
Binner and Gottesman d i d , t h a t when the zeros i n the whole 
g r i d are t o t a l l e d , i t i s indeed p e r m e a b i l i t y which i s being 
i n v e s t i g a t e d ; however^-if only s i n g l e c o n s t r u c t s or s m a l l groups 
of c o n s t r u c t s are considered then i t becomes the range of 
convenience which can be estimated by the number of zeros. 
Of the programmes a v a i l a b l e t o analyse g r i d s , t he author 
s e l e c t e d a package developed by P a t r i c k S l a t e r w i t h f i n a n c e 
provided by the Medical Research C o u n c i l (Slat:-r 1972). This 
programme has weaknesses, some of which may be considered 
s e r i o u s . P a r t i c u l a r l y weak i s the a d o p t i o n o f the Pearson ' r ' 
s t a t i s t i c t o compute c o r r e l a t i o n c o i f i c i e n t s from data not 
w h o l l y independent. The acceptance of a programme w i t h 
perceived weaknesses i s j u s t i f i e d i n a v a r i e t y of ways. At 
the time the d e c i s i o n had t o be made, a l t e r n a t i v e s e x h i b i t i n g 
fewer weaknesses were not a v a i l a b l e . Since then prograrrr..es 
such as Pegasus (Thomas 1977) o f f e r a more acceptable 
a l t e r n a t i v e . Resource l i m i t a t i o n s precluded the p o s s i b i l i t y 
of developing a new g r i d a n a l y s i s package^and even i f such an 
attempt had been made t h e r e c o u l d be no guarantee t h a t the 
p r o d u c t i o n d i d not e x h i b i t weaknesses i n o t h e r areas. 
F i n a l l y , and perhaps most i m p o r t a n t , was the s t r e n g t h o f the 
S l a t e r package. Without doubt i t d i d have weaknesses, hut 
these were of l e s s importance than may be i m p l i e d from the 
c r i t i c i s m l e v e l l e d a t the package by researchers i n the l a s t 
few years. This i s e x e m p l i f i e d by the experience gained when 
the author presented a paper on the methodology t o an i n t e r -
n a t i o n a l conference (Keen 1977). One delegate s e v e r e l y 
c r i t i c i s e d the co n c l u s i o n s drawn on the grounds t h a t the 
a n a l y s i s , based on S l a t e r ' s I n g r i d package, was i n v a l i d . The 
c r i t i c requested the raw g r i d data which he ran a g a i n s t h i s own 
g r i d a n a l y s i s package. There was no s i g n i f i c a n t d i f f e r e n c e 
between e i t h e r the element groupings nor c o n s t r u c t l o a d i n g s . 
Conclusions drawn from the a l t e r n a t i v e a n a l y s i s were i d e n t i c a l 
i n every respect w i t h those drawn by the author i n h i s o r i g i n a l 
paper. 
6.9.2. The S l a t e r g r i d a n a l y s i s package o f f e r s seven major 
a n a l y t i c a l programmes. The author used two o n l y : calJ.ed 
INGUID and PREFAN. 
Grid data i s obtained by the e v a l u a t i o n o f a s e r i e s of 
a t t r i b u t e s . So t h a t raw data i s i n t h e form o f a m a t r i x ( ^ j ^ j ) 
where any e n t r y a^^ r e f e r s t o the e v a l u a t i o n o f s t i m u l u s j and 
a t t r i b u t e i . I n a l l of the progranmes the s t i m u l i are 
r e f e r r e d t o as elements and the a t t r i b u t e s as c o n s t r u c t s i n 
common w i t h the terfT)()logy used throughout t h i s t l i e s i s . 
The f i r s t programme developed, and c e n t r a l t o the whole 
package, i s INGRID. This programme i s an a d a p t a t i o n of a 
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standard p r i n c i p a l components analysis,but,in addition,gives 
information about the rel a t i o n s h i p s between the elements, 
between the constructs and t h e i r i n t e r - r e l a t i o n s h i p s . I t can 
be applied only to single g r i d s . 
A group of grids may be formed by one i n d i v i d u a l completing . 
grids on a number of occasions, or by a group of i n d i v i d u a l s 
completing g r i d s . The s u i t a b i l i t y of the programmes available 
f o r such analyses depends upon the degree of alignment of the 
g r i d s . I n t h i s research the grids were aligned by element 
but not by construct. (Only 10 of the 20 elements were 
common to a l l respondents and so a var i a b l e format card was 
used to select only the aligned elements when groups of grids 
were compared). The programme used f o r groups of grids i s 
ca l l e d PREFAN. The appendix contains s p e c i f i c information 
on the format i n which data i s presented. 
These programmes can be used to analyse g r i d s wi t h not more 
than 30 elements or constructs per g r i d , so the 20 x 20 format 
adopted by the author i s acceptable f o r the package. 
The programme w i l l analyse any number of i n d i v i d u a l grids one 
a f t e r another i n sequence. The elements may be ranked r.? 
graded i n terms of the constructs. Grading may be 
dichotomous, i . e . on an all-or-none scale, as favoured by 
o r i g i n a l form of Kelly g r i d s ; or on a 7-point scale, (as 
favoured by users of Osgood 'semantic d i f f e r e n t i a l ' ) or on 
percentage scales, or on 5-point scales as i n t h i s research. 
Whatever the r a t i n g system adopted f o r evaluating the elements, 
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i t should be maintained f o r a l l the constructs i n the same 
g r i d , and a l l the constructs should include a l l the elements i n 
t h e i r range of convenience. For instance, i f ranking i s used 
a l l the elements must be ranked i n terms of each of the 
constructs. Ranking reduces t o grading when t i e s are 
allov^ed; that i s to say, grids with t i e d ranks are analysed 
as graded. 
Each g r i d i s introduced by a p i l o t card g i v i n g , among other 
information, the number of constructs and elements, the r a t i n g 
system used and the options selected f o r the output. So grids 
with d i f f e r e n t numbers, systems and options can be included i n 
the same sequence. P r i n c i p a l component analysis i s 
incorporated. There i s a set of tables a t the end of the 
output, defining the r e l a t i o n s h i p s among the elements, and 
between the constructs and the elements i n terms of d i r e c t i o n 
cosines mathematically equivalent to c o r r e l a t i o n c o e f f i c i e n t s c 
Thus a l l the associations among the constructs and the 
elements are expressed i n comparable terms and can be assembled 
and presented i n a single t a b l e . 
The mean and the t o t a l v a r i a t i o n , i . e . the sam of squares of 
deviations from the mean, are calculated f o r each construct; 
the grand t o t a l of the v a r i a t i o n f o r a l l the constructs (V) i s 
accumulated; and the percentage contributed by each construct 
to V i s derived. 
I f the respondent i s applying the same grading scale 
consistently with a l l the constructs, the means, t o t a l s and 
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percentages per c o n s t r u c t w i l l not d i f f e r g r e a t l y . 
T h e o r e t i c a l l y i t may seem reasonable t o suppose t h a t t h e 
c o n s t r u c t s i n terms o f which t h e respondent can d i s c r i m i n a t e 
b e t t e r between the elements w i l l be the ones which w i l l have 
the l a r g e r t o t a l s and percentages; but i n p r a c t i c e the ones 
w i t h the l a r g e r t o t a l s may t u r n out t o be those where the 
respondent d i s c r i m i n a t i o n i s cruder. Elements may then be 
pushed out t o one extreme o f the c o n s t r u c t scale o r the o t h e r 
and no f i n e r d i s t i n c t i o n s made - seen f o r i n s t a n c e as black or 
white w i t h no i n t e r m e d i a t e shades o f grey. Gross d i f f e r e n c e s 
between means, t o t a l s and percentages are evidences t h a t t h e 
same grading scale i s not being a p p l i e d c o n s i s t e n t l y w i t h a l l 
the c o n s t r u c t s . 
> 
The researcher must decide whether t o r e t a i n such d i f f e r e n c e s 
between the c o n s t r u c t s i n the l a t e r stages of the a n a l y s i s or 
to e l i m i n a t e them by having t h e c o n s t r u c t s normalised, i . e . 
r e s c a l e d so t h a t they each have t h e i r t o t a l v a r i a t i o n put 
equal t o u n i t y . The choice t o normalise a l l scores, a t t h i s 
stage, i n t h i s res'-^arch was based on p i l o t i n g experience which 
i n d i c a t e d increased face v a l i d i t y when n o r m a l i s i n g was under-
taken. Respondents who used t he grading scale c o n s i s t e n t l y 
f o r a l l t h e i r c o n s t r u c t s d i f f e r from one another i n the way 
they used i t . Some avoided both extremes on every s c a l e ; 
some g r a v i t a t e d towards one pole t o avoid the o t h e r ; some 
favoured the extremes and avoided the m i d p o i n t . Such 
d i f f e r e n c e s between respondents may be described by measures of 
bias and v a r i a b i l i t y . 
l^fO 
Bias increases when more elements are r e f e r r e d t o one pole o f 
a c o n s t r u c t than the o t h e r . The d i f f e r e n c e between the mean 
f o r the c o n s t r u c t and the m i d p o i n t o f the grading s c a l e 
measures t h e amount and d i r e c t i o n o f the b i a s i n i t . The 
d i r e c t i o n cannot be t r e a t e d as the same i n a l l the c o n s t r u c t s , 
s i n c e they d i s t i n g u i s h between the elements i n d i f f e r e n t ways, 
but the amount of the b i a s can be accumulated f o r a l l o f them 
and expressed as a standard d e v i a t i o n . 
A va r i a n c e r a t i o may be c a l c u l a t e d from t h i s measure and th.e 
measure o f v a r i a b i l i t y , t o t e s t whether the amount of b i a s i s 
s i g n i f i c a n t . Using b f o r b i a s and v f o r v a r i a b i l i t y 
F = m ( b / v ) ^ 
where m i s the number of elements. F i s entered i n a t a b i c of 
vari a n c e r a t i o s , t a k i n g i t s degrees o f freedom as m and n^  (m-1) 
r e s p e c t i v e l y , where n^  i s the number o f c o j i s t r u c t s . 
The t e s t may not throw mucii l i g h t , on the p s y c h o l o g i c a l 
i n t e r p r e t a t i o n o f the obse r v a t i o n ^ a s evidence from another 
c l o s e l y r e l a t e d measure i n d i c a t e s t h a t a s i g n i f i c a n t degree of 
bi a s i s normal. 
V a r i a b i l i t y increases the more w i d e l y t l i e elements are 
c o n t r a s t e d on the grading s c a l e . I t reaches i t s maximum when 
the elements are evenly balanced a t t h e o p p o s i t e p o l e s . The 
amount t h a t a c t u a l l y occurs i n a g r i d i s measured by the 
standard d e v i a t i o n of the grades about the c o n s t r u c t means. 
I f t h e r e i s any c o n s t r u c t i n the g r i d where every element has 
been put i n the same grade, i t i s d i s c a r d e d . 
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The breakdown of the t o t a l v a r i a t i o n about the construct means, 
V, i n t o i t s subtotals per construct i s the f i r s t of many given 
i n the p r i n t - o u t . A breakdown by element i s given, as i s a 
breakdown by component. Indeed, the r e s u l t s of every stage i n 
the analysis serve d i r e c t l y or i n d i r e c t l y to provide breakdowns 
of V, by construct by component, by element by component, etc.. 
When ranking i s used, a l l the constructs have the same mean, 
namely (m + 1 ) /2 where m i s the number of elements; and the 
same v a r i a t i o n , (m'^  - m)/12. So there i s no need f o r t h e i r 
values to be repeatedly l i s t e d f o r each construct and no 
i n d i v i d u a l differences i n bias or v a r i a b i l i t y are observable. 
The output f o r ranked data and the t o t a l v a r i a t i o n about the 
construct means, V, i s available together w i t h the t o t a l per 
construct. 
Before the analysis i s carried any f u r t h e r , the o r i g i n a l g r i d 
i s replaced by a table of deviations from the construct means, 
D, which i s not printed out. I t may be vi s u a l i s e d as a table 
with a row f o r evei-y construct and a column f o r every element. 
The sum of the en t r i e s i n every row i s 0.0. The sum of t h e i r 
squares per row i s displayed i n the p r i n t out when ranking has 
been used or the option to normalise the constructs has been 
taken. Otherwise the sum of squares f o r each construct, i . e . 
f o r each row of D, remain unchanged. For the co r r e l a t i o n s 
the variances of the constructs must be normalised. Thus, 
geometrically speaking the constructs are a l l assigned 
locations at an equal distance from a common o r i g i n , and d i f f e r 
1^2 
only i n being placed i n d i f f e r e n t d i r e c t i o n s away from i t . 
They l i e on the su r f a c e o f a hypersphere^and t h e d i f f e r e n c e 
between any two o f them can be expressed as an angular or 
c i r c u m f e r e n t i a l d i s t a n c e : the angle they subtend a t the c e n t r e 
An angle o f 0° corresponds w i t h a c o r r e l a t i o n o f + 1.0. I t 
i m p l i e s t h a t the c o n s t r u c t s are l o c a t e d a t the same p o i n t on 
the hypersphere. An angle of 90^ corresponds w i t h a 
c o r r e l a t i o n 0,0. I t i m p l i e s t h a t t h e c o n s t r u c t s are 
independent of one another. An angle o f 180° corresponds 
w i t h a c o r r e l a t i o n o f - 1.0. The two c o n s t r u c t s are l o c a t e d 
d i a m e t r i c a l l y o p p o s i t e one another: one provides the same 
scale o f measurement as t i i e o t h e r , but i n rev e r s e . I n some 
contexts i t i s an advantage t o cons i d e r t h e angular distances 
between c o n s t r u c t s r a t h e r than t h e i r c o r r e l a t i o n s : the 
average of a s e t o f angles i s i t s e l f an angle^whereas the 
average of a s e t of c o r r e l a t i o n s i s not i t s e l f a c o r r e l a t i o n . 
So the angle corresponding t o each c o r r e l a t i o n i s p r i n t e d out 
alongside i t . Such measurements can be used f o r comparing 
g r i d s . For ins t a n c e i t would be p o s s i b l e t o compare the 
average angular d i s t a n c e s between t h e c o n s t r u c t s ' l i k e me as I 
am' and ' l i k e I would l i k e t o be' i n the g r i d s of respondents 
from d i f f e r e n t c l a s s e s , w i t h o u t n e c e s s a r i l y using a standard 
set of elements f o r every g r i d or keeping the o t h e r c o n s t r u c t s 
the same. 
The e n t r i e s r e f e r r r i n g t o each element i n the t a b l e o f 
d e v i a t i o n s , i . e . the e n t r i e s i n each column o f D^, are summed, 
and so are t h e i r squares. The r e s u l t s are l i s t e d . The 
1^ 1-3 
cumulative t o t a l o f a l l t h e sums o f squares i s al s o p r i n t e d out 
g i v i n g the value of V, i f i t was not given p r e v i o u s l y because 
ranking was used or i f i t was r e d e f i n e d by n o r m a l i s a t i o n . 
A l l the c o n s t r u c t s have the same t o t a l v a r i a t i o n under ra n k i n g 
or n o r m a l i s a t i o n , namely V/r\, where n_ i s t he number of 
c o n s t r u c t s . The t o t a l s per element arc a l s o expressed as 
percentages of V, and l i s t e d w i t h t h e element t o t a l s , opposite 
the element number. 
The sums of squares f o r d i f f e r e n t elements may vary w i d e l y . A 
small sum o f squares i m p l i e s t h a t the i n f o r m a n t ' s a t t i t u d e 
towards the element i s i n d i f f e r e n t : he has r a t e d i t n c i t l i e r 
high nor low but near the mean on a l l t i i e c o n s t r u c t s . 
Conversely i f t h e sum o f squares i s l a r g e the element must be 
an imporLant one i n the s u b j e c t ' s c o n s t r u c t system, whether h i s 
a t t i t u d e towards i t i s c o n s i s t e n t l y f a v o u r a b l e or c o n s i s L e n t l y 
unfavourable, or f a v o u r a b l e i n some respe c t s and unfavourable 
i n o t h e r s . A l a r g e range of p o s i t i v e and ne g a t i v e q u a n t i t i e s 
among the t o t a l s i-id.w:ates a simple c o n s t r u c t system where a l l 
the c o n s t r u c t s tend t o g i v e convergent r e s u l t s ; a l l r u n n i n g , 
f o r i n s t a n c e , from h i g h t o low along a common e v a l u a t i o n s c a l e , 
But a narrow range does not n e c e s s a r i l y i n d i c a t e a much more 
complicated system: t h e c o n s t r u c t s may a l l s t i l l r e l a t e t o a 
common s c a l e , only w i t h some running i n the o p p o s i t e d i r e c t i o n 
t o the o t h e r s . I n e i t h e r case, the elements w i l l d i f f e r from 
one another mainly i n one dimension, which w i l l be the major 
a x i s of the c o n s t r u c t system. Th e i r d i s t r i b u t i o n along t h e 
ax i s must always be balanced about a c e n t r a l p o i n t , but o t h e r -
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wise i t may take on any form: i t i s not a t a l l unusual t o f i n d 
many elements c l u s t e r e d a t one end of an a x i s b a l a n c i n g a few 
or o n l y one a t the o t h e r . I n a more complicated c o n s t r u c t 
system.the elements may spread out from the c e n t r a l p o i n t i n 
s e v e r a l d i r e c t i o n s , the l e s s i m p o r t a n t i n d i v i d u a l l y remaining 
c l o s e s t to the c e n t r e and the more i m p o r t a n t spreading f u r t h e r 
away. And the d i s t a n c e o f an element from the c e n t r e i s a 
f u n c t i o n ( t h e square r o o t ) of i t s sum o f squares. I f one 
s a l i e n t element i s s h a r p l y d i s t i n g u i s h e d from the r e s t , the 
c o n t r a s t between i t and them may w e l l form the most i m p o r t a n t 
a x i s i n the c o n s t r u c t system. For b e t t e r or worse i t sets the 
scale or standard according t o which t l i e r e s t are judged; thus 
t r e n d - s e t t i n g has been used t o d e s c r i b e i t . Where such a 
phenomenon occurs, comparing the clemciits w i l l e v i d e n t l y 
p r o v i d e a simple and c l e a r e r i n t e r p r e t a t i o n o f the g r i d s than 
comparing the c o r - s t r u c t s . However, i n every g r i d both modes 
of i n t e r p r e t a t i o n are admissable and may o f t e n be combined w i t h 
advantage. 
The d i s t a n c e s between p a i r s o f elements are worth examining as 
w e l l as t h e i r i n d i v i d u a l d i s t a n c e s from the c e n t r e . I t i s 
here t h a t evidence of c l u s t e r i n g or i s o l a t i o n w i l l be found. 
The expected d i s t a n c e betwecr. two elements drawn from a 
c o n s t r u c t system a t random can be shown t o be the square r o o t 
of {?,y/{m - 1 ) . This q u a n t i t y i s d i s p l a y e d i n the p r i n t o u t , 
and the observed d i s t a n c e s between a l l p o s s i b l e p a i r s of 
elements are comparcc w i t h i t and d i s p l a y e d i n a t a b l e of 
distances between elements• Observed d i s t a n c e s expressed 
p r o p o r t i o n a t e l y t o t h e u n i t o f expected d i s t a n c e w i l l vary 
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about 1 f o r a lower l i m i t a t 0 t o an upper l i m i t a t the 
square r o o t of m - 1. As t h i s exceeds 2 when m i s over 5, 
one might expect t h e i r d i s t r i b u t i o n t o be skewed, and 
p r o g r e s s i v e l y more so as m in c r e a s e s ; but the e f f e c t i s 
s c a r c e l y n o t i c e a b l e . The upper l i m i t can on l y be reached 
when the e n t i r e g r i d i s concerned w i t h the c o n t r a s t between 
two elements, l e a v i n g the r e s t i n the middle. 
Distances can be used f o r comparing g r i d s i n the same way t h a t 
angular d i s t a n c e s were f o r m e r l y used. 'Myself as I am' and 
'Myself as I would l i k e t o be' ca n . f o r instance;be used as 
elCtTiCnts i n s t e a d o f the correspondir.g c o n s t r u c t s mentioned 
above. And then the average d i s t a n c e between t l i e two elements 
could be used f o r comparing groups, w i t h o u t n e c e s s a r i l y 
s t a n d a r d i s i n g a l l the othe r s p e c i f i c a t i o n s of the e x p e r i m e n t a l 
g r i d s . 
I n the course o f c a l c u l a t i n g t h e sums o f squares f o r the 
elements and the di s t a n c e s between themythe squares and 
products o f the d e v i a t i o n s i n _D are summed by e l ? ^ c r ; t t o form 
an m by m covariance m a t r i x D'D. I t i s o f no d i r e c t i n t e r e s t 
f o r i n t e r p r e t i n g the g r i d ^ b u t i t i s t e c h n i c a l l y i m p o r t a n t as a 
c e n t r a l p a r t o f the a n a l y s i s . As w e l l as being the source of 
some o f the p r e v i o u s l y s t a t e d r e s u l t s , i t i s the m a t r i x t o 
Wiich the p r i n c i p a l component a n a l y s i s i s a c t u a l l y a p p l i e d . 
L i k e the g r i d from which i t was o b t a i n e d , t h e t a b l e o f 
d e v i a t i o n s , D, has a row f o r every c o n s t r u c t and a column f o r 
every element. The t y p i c a l e n t r y i n i t , say the one i n row 1, 
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column 3, i s the d i f f e r e n c e between the r a t i n g (grade or rank) 
assigned t o clement 3 i n terms o f c o n s t r u c t I , and the mean 
r a t i n g of a l l the elements i n terms of !• I f t h e g r i d shows 
the r a t i n g s o f m elements i n terms o f c o n s t r u c t s , i s a 
t a b l e w i t h rows and m columns; and i n every row under every 
column th e r e i s an e n t r y , whicli i s a number expressing the 
d i f f e r e n c e between the mean r a t i n g and t h e r a t i n g found f o r 
the element on the c o n s t r u c t concerned. I t i s p o s i t i v e i f the 
r a t i n g f o r t h e element i s above t he mean, nega t i v e i f below. 
The sum o f the e n t r i e s i n each row i s 0.0,, as e x p l a i n e d 
e a r l i e r , and the sum o f the squcires o f a l l t h e e n t r i e s i n a l l 
the rows i s V, 
I n terms of Cartesian geometry, the column of e n t r i e s f o r an 
element gives i t s l o c a t i o n i n a space where t h e r e i s an a x i s 
f o r every c o n s t r u c t , so the complete t a b l e de-ines t ; i e 
d i s p e r s i o n o f the elements as a s c a t t e r o f n p o i n t s i n the 
construct-space, which has n_ dimensions. The t a b l e can a l s o 
be read by row: the e n t r i e s f o r a c o n s t r u c t l o c a t e i t as a 
p o i n t i n a space w i t h an a x i s f o r every clement, so the 
complete t a b l e a l s o d e f i n e s t h e d i s p e r s i o n o f the c o n s t r u c t s 
as a s c a t t e r of n_ p o i n t s i n an m - dimensional element-space. 
The two views are s t r i k i n g l y d i f f e r e n t although they are b:''.r\ 
o f t h e same data. 
P r i n c i p a l component a n a l y s i s i s c o n s i s t e n t w i t h both views o f 
the data. I t provides a common c o - o r d i n a t e system f o r the two 
disp e r s i o n s , and thus e s t a b l i s h e s the connection between the two 
techniques. I t s most i m p o r t a n t advantage, however, i s 
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d i f f e r e n t : the components form an ordered series, each 
accounting f o r an independent part of the t o t a l v a r i a t i o n from 
the largest to the l e a s t . I n t h i s respect p r i n c i p a l component 
analysis i s unique. No axes, other than those of the 
components, can be used t o analyse the t o t a l v a r i a t i o n i n t h i s 
orderly way; any r o t a t i o n of the axes s a c r i f i c e s the 
advantage. 
I f the elements are given s i m i l a r r a t i n g on a large number of 
the constructs, the main differences between them can be shown 
on a single scale. Their measurements on i t can be found by 
adding t h e i r ratings on the constructs i n c e r t a i n proportions. 
The scale which shows the greatest amount of v a r i a t i o n i s the, 
axis of the f i r s t component. The amount of v a r i a t i o n shoivn on 
i t i s given by the LATENT ROOT, which i s a sum of squares 
accounting f o r part of the t o t a l v a r i a t i o n about the construct 
means, V. The proportions i n which the ratings f o r an element 
on the constructs should be combined t o obtain i t s measurement 
on the scale of the component are given by a set of c o e f f i c i e n t s , 
one f o r each of the constructs, and c a l l e d the construct vector. 
The measurements themselves are l i s t e d as element loadings. 
This i s not the only way of considering the r e s u l t s . The 
importance of d i s t i n g u i s h i n g between c e r t a i n elements or groups 
of elements may govern the informant's choice and use of the 
constructs included i n the g r i d . So i t i s j u s t as reasonable 
to r e l a t e a component d i r e c t l y t o the elements and define i t i n 
terms of an element vector, from which construct loadings can 
be derived. 
A p r i n c i p a l component i s completely d e f i n e d by i t s l a t e n t r o o t , 
i t s c o n s t r u c t v e c t o r and i t s element v e c t o r . 
The l a t e n t r o o t i s a s i n g l e numerical q u a n t i t y which must be 
p o s i t i v e or zero; and the sum o f the l a t e n t r o o t s o f the 
components i s equal t o V, 
The c o n s t r u c t v e c t o r i s a s e t o f c o e f f i c i e n t s , one f o r each of 
the c o n s t r u c t s - I t i s l i s t e d i n a column. The c o e f f i c i e n t s 
are normalised, t h a t i s t o say, scaled so t h a t the sum of t h e i r 
squares equals 1.0. 
The element v e c t o r , s i m i l a r l y , i s a normalised set o f 
c o e f f i c i e n t s , one f o r each element. I t i s aJso l i s t e d i n a 
column i n the p r i n t - o u t , though t h e r e are c o n t e x t s i n which i t 
needs t o be t r e a t e d as a row of numbers. 
The element loadings f o r a component can be obtained from the 
element v e c t o r by m u l t i p l y i n g the c o e f f i c i e n t s by the square 
r o o t of the l a t e n t r o o t ; and m u l t i p l y i n g ti^e c o e f f i c i e n t s i n 
the c o n s t r u c t v e c t o r by the same q u a n t i t y gives the c o n s t r u c t 
l o a d i n g s . Altliough, v e c t o r s and l o a d i n g s are r e l a t e d i n t h i s 
simple way they are both p r i n t e d out as they are each 
p a r t i c u l a r l y convenient f o r s p e c i a l purposes. I f the f i r s t 
component accounted f o r a l l the v a r i a t i o n i n £ the e n t r y i n row 
1, column 3 would be e x a c t l y equal t o the product o f thvee 
terms: the c o e f f i c i e n t of c o n s t r u c t I g iven i n the c o n s t r u c t 
v e c t o r ; the c o e f f i c i e n t of element 3 given i n the element 
v e c t o r ; and the square r o o t o f the l a t e n t r o o t of the 
component. So the d i f f e r e n c e s between t h e observed and the 
computed values of the e n t r i e s i n D, t h a t i s t o say the 
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r e s i d u a l d e v i a t i o n s , would a l l be 0.0. And the sum of the 
squares of the computed values would be e x a c t l y equal t o the 
sum o f squares of the observed v a l u e s , namely V. I n g e n e r a l , 
of course, the f i t i s not e x a c t . Although the s p e c i f i c a t i o n s 
of the f i r s t components are chosen t o account f o r as much as 
p o s s i b l e o f the observed v a r i a t i o n i n D, some non-zero 
r e s i d u a l s are almost sure t o be l e f t . They form a t a b l e , 
D ( l ) , w i t h j i rows and m columns as b e f o r e , i n c l u d i n g any zero 
values. The sum of t h e i r squares, denoted V ( l ) , i s the 
r e s i d u a l amount o f V not a t t r i b u t a b l e t o the f i r s t component. 
A second component may then be computed t o account f o r the 
r e s i d u a l s i n 0 ( 1 ) . L i k e the f i r s t , i t i s s p e c i f i e d by an 
element v e c t o r , a c o n s t r u c t v e c t o r and a l a t e n t r o o t . 
Element l o a d i n g s and c o n s t r u c t l o a d i n g s are a l s o obtained by 
r e - s c a l i n g the v e c t o r s so t h a t the sums of t h e : r squares equal 
the l a t e n t r o o t . The second component reduces V ( l ) as f a r as 
p o s s i b l e , namely to V ( 2 ) , which may s t i l l not be zero. I n 
t h a t case a second t a b l e of r e s i d u a l d e v i a t i o n s D(Z), w i l l 
s t i l l be l e f t , i n c l u d i n g some non-zero e n t r i e s ; and the 
a n a l y s i s w i l l c o n t i n u e . 
Three, f o u r or a good many more components may be needed t e 
complete an exhaustive a n a l y s i s - But i t i s unusual t o f i n d 
much v a r i a t i o n l e f t i n an i n d i v i d u a l g r i d a f t e r t h r e e 
components have been e x t r a c t e d . Perhaps because people see 
the w o r l d about them i n a t h r e e - d i m e n s i o n a l space f o e i r 
c o n s t r u c t systems extending over t h e same range of convenience 
do not u s u a l l y a f f o r d much more than t h r e e dimensions f o r t h e 
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r e l a t i v e e v a l u a t i o n o f one set of elements. Osgood i s deeply 
committed t o a p a r t i c u l a r f o r m u l a t i o n o f the o p i n i o n t h a t 
e v a l u a t i v e systems are t h r e e - d i m e n s i o n a l (Osgood 1963). 
The t o t a l number o f p o s i t i v e components, t_, i s l i m i t e d by the 
number of c o n s t r u c t s and the number of elements i n t h e g r i d . 
When the g r i d i s replaced by the t a b l e o f d e v i a t i o n s from the 
c o n s t r u c t means, D, t h e d i s p e r s i o n o f the elements i s balanced 
about i t s c e n t r a l p o i n t . I f t h e r e are o n l y two elements t h e i r 
r e l a t i v e p o s i t i o n s w i l l be d e f i n e d by two p o i n t s on a s t r a i g h t 
l i n e w i t h the c e n t r a l p o i n t midway between them. The 
r e l a t i v e p o s i t i o n s of the p o i n t s f o r t h r e e elements can be 
shown on a s u r f a c e of two dimensions a t most, and so on. 
Thus the maximum number of dimensions i n t o which a d i s p e r s i o n 
of m elements can extend i s m - 1. And on the o t h e r hand as 
the number of c o n s t r u c t s i s in, the c o n s t r u c t - s p a c c cannot have 
more than n_ dimensions. So the d i s p e r s i o n of the elements i n 
the construct-space cannot extend i n t o more than n dimensions, 
even i f m i s g r e a t e r than n. 
The c o n s t r u c t v e c t o r o f the major component s p e c i f i e s the 
dimension w i t h i n t h i s space where most o f the v a r i a t i o n 
between the elements occurs; the v e c t o r o f the second, the 
dimension where most of the remaining v a r i a t i o n occurs 
o u t s i d e the dimension of the f i r s t ; and so on. The amount of 
v a r i a t i o n i s given by the l a t e n t r o o t . Dimensions where no 
v a r i a t i o n occurs w i l l be s p e c i f i e d by components w i t h zero 
l a t e n t r o o t s . So t^, the number of components w i t h p o s i t i v e 
l a t e n t r o o t s , cannot exceed m - 1 or n, whichever i s the l e s s . 
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M. S. B a r t l e t t has developed a t e s t f o r p r i n c i p a l component 
analyses i n general, to decide whether the remaining v a r i a t i o n 
a f t e r a given number of the major components have been 
extracted i s scattered a t random over the remaining dimensions. 
His t e s t i s applied t o the data to determine the number of 
components s i g n i f i c a n t a t the .05 l e v e l . The r e s u l t s are not 
always h e l p f u l . The te s t works baclovards from the smallest 
roots t o the lar g e s t ; and there may be some dimensions i n a 
g r i d where the v a r i a t i o n i s r e s t r i c t e d as w e l l as some where i t 
i s notably extensive. Indeed the two e f f e c t s are l i k e l y to be 
concomitant. I f there are a few exceptionally small roots the 
t e s t may ind i c a t e t h a t a l l the larger ones are s i g n i f i c a n t , and 
confront the researcher with a perplexing problem i n i n t e r -
p r e t a t i o n . What needs to be considered may be why the 
v a r i a t i o n along some axes i s so small, and the explanation may 
be quite a simple one - the informant may have f a i l e d to 
dis t i n g u i s h between some of the constructs or some of the 
elements. 
S t a r t i n g with the largest roots provides an a l t e r n a t i v e 
approach. We may enquire whether the f i r s t component, f i r s t 
two, f i r s t three, etc., account f o r an unexpectedly large 
proportion of the t o t a l observed' v a r i a t i o n . This a l t e r n a t i v e 
has not been used by the author i n conducting t h i s research. 
The dimensionality of a g r i d , as i l l u s t r a t e d , cannot exceed £ 
or m - 1, whichever i s the less. I t may be f u r t h e r reduced, 
f o r instance, i f the informant has given i d e n t i c a l ratings t o 
two of the elements, or i f one of the constructs has been cut 
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out because he has rated a l l the elements the same on i t . I f , 
f o r a given g r i d there are t dimensions (components) then the 
complete set of t^ l a t e n t roots i s l i s t e d i n order of magnitude. 
Their numerical values and t h e i r proportionate size as 
percentages of the t o t a l observed v a r i a t i o n , V, are also given. 
The r e s u l t s of the B a r t l e t t t e s t f o l l o w i n the p r i n t o u t . Each 
successive a p p l i c a t i o n of the B a r t l e t t t e s t i s followed by the 
appropriate value of chi-squared, with the appropriate degree 
of freedom. 
The t e s t does not apply to the f i r s t component. Having 
i d e n t i f i e d that a given number of components may be considered 
s i g n i f i c a n t at the prescribed l e v e l , c e r t a i n d e t a i l e d 
information i s l i s t e d i n the p r i n t o u t f o r each component. 
Loadings have great i n t e r e s t from many perspectives- The 
t o t a l v a r i a t i o n of a component, that i s t o say i t s l a t e n t r o o t , 
i s the sum of the squares of i t s element loadings, and also the 
sum of the squares of i t s construct loadings. I t can be 
analysed i n both wayi;; e i t h e r i n t o the amounts due to 
constructs 1, 2, r i , or i n t o the amount due t o elements 1, 
2, m; and both a l t e r n a t i v e s are equally v a l i d . A 
component i s i n f a c t a measurement of one way i n which the 
constructs and the elements i n t e r a c t : the way i n which i t 
concerns the constructs may be easier to understand th a t the 
way i n which i t applies t o the elements, or vice versa; but 
both need to be considered f o r a complete i n t e r p r e t a t i o n . 
The sum. of squares f o r an element i s the sum of squares of i t s 
153 
component l o a d i n g s , and i t can be analysed i n t h i s way. The 
r e s i d u a l s l i s t e d i n the p r i n t - o u t s i m p l i f y such an a n a l y s i s . 
The r e s i d u a l from the f i r s t component can be compared w i t h the 
o r i g i n a l sum of squares; the r e s i d u a l from the second w i t h 
the r e s i d u a l from the f i r s t , and so on. A l a r g e p r o p o r t i o n a l 
drop i n d i c a t e s t h a t t h e e v a l u a t i o n of the clement i s l a r g e l y i n 
terms of the component concerned. S i m i l a r l y t h e v a r i a t i o n o f 
a c o n s t r u c t , i s the sum o f squares of i t s component l o a d i n g s , 
and can be analysed as such. Again t h e r e s i d u a l s i n the 
p r i n t - o u t s i m p l i f y t l i e breakdown. A l a r g e drop from one 
component t o the ne>:t shows t h a t e v a l u a t i o n i n terms of the 
c o n s t r u c t s tends t o c o i n c i d e ( p o s i t i v e l y or n e g a t i v e l y ) with, 
e v a l u a t i o n i n terms o f the component. Loadings can al s o be 
used f o r r e p r e s e n t i n g the r e s u l t s of a g r i d g r a p h i c a l l y . 
Although t h e r e are o f course a l i m i t l e s s number o f ways i n 
wiiich t h a t can be dene, two deserve s p e c i a l c o n s i d e r a t i o n as 
exact g e o m e t r i c a l e q u i v a l e n t s , t h e f i r s t has a l r e a d y been 
considered as a means of checking the r e p r e s e n t a t i v e n e s s o f an 
element sample. 
The f i r s t i s the dispersi.on o f the elements i n the component 
space w i t h i n the c o n s t r u c t space. As al r e a d y e x p l a i n e d , t h e 
c r . t r i e s i n the same column of whicli a l l r e f e r t o the same 
element, togeth e r s p e c i f y a p o i n t f o r the element i n a space 
where the referen c e axes are d e f i n e d by the c o n s t r u c t s . The 
e n t i r e a r r a y of numbers i n 0, corresponds g e o m e t r i c a l l y w i t h a 
d i s p e r s i o n o f m p o i n t s i n t h i s space, which i s in-dimcnsional. 
The distances between the p o i n t s i n i t are the d i s t a n c e s 
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between the elements. The c e n t r e of the s c a t t e r o f the 
elements i n t h i s space i s made zero when the o r i g i n a l g r i d i s 
replaced by D_» I t s d i s p e r s i o n i s not e q u a l l y wide i n a l l 
d i r e c t i o n s w i t h i n the co n s t r u c t - s p a c e . The c o n s t r u c t v e c t o r 
of the f i r s t component s p e c i f i e s t h e a x i s o f the dimension ' 
where the v a r i a t i o n between t he elements i s widest . The 
c o n s t r u c t s w i t h t h e h i g h e s t p o s i t i v e c o e f f i c i e n t s c o n t r i b u t e 
most to dePining i t p o s i t i v e l y ; t h e ones w i t h t h e h i g h e s t 
negative values t o d e f i n i n g i t i n the oppo s i t e d i r e c t i o n , 
(Or both d i r e c t i o n s may be d e f i n e d by the emergent and the 
l a t e n t poles of the same c o n s t r u c t ) . The o r t h o g o n a l , i . e . 
independent dimensions w i t h s u c c e s s i v e l y smaller v a r i a t i o n are 
def i n e d by the c o n s t r u c t v e c t o r s o f the successive components 
s i m i l a r l y . A l t o g e t h e r t h e components d e f i n e a sub-space o f not 
more than _t dimensions w i t h i n t h e co n s t r u c t - s p a c e . The 
l o c a t i o n s o f the elements i n t h i s component-space a r e gi v e n by 
t h e i r component l o a d i n g s ; and t h e i r d i s p e r s i o n can be mapped 
c o n v e n i e n t l y i n two dimensions a t a time. To make a map one 
sets out two l i n e s a t r i g h t angles on an o r d i n a r y piece of 
graph paper t o rep r e s e n t the axes of two components. Use 
t h e i r c o n s t r u c t v e c t o r s t o c h a r a c t e r i s e them i n t h e i r p o s i t i v e 
and negative senses. Next one p l o t s t h e p o s i t i o n o f the 
olr^monts from t h e i r l o a d i n g s . I t i s n a t u r a l t o co n s i d e r the 
two major dimensions f i r s t . As the map cannot show how f a r 
the s c a t t e r extends o u t s i d e them, g e n e r a l l y i t can o n l y be 
approximate. How c l o s e t l i e a p proximation i s depends on how 
much of the t o t a l v a r i a t i o n i s a t t r i b u t a b l e t o the f i r s t two 
components. (See f i g s . 6/1 and 6/2 f o r example). This i s 
f r e q u e n t l y as high as V0%, I f the d i s t a n c e between two 
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elements given i n (0) i s much g r e a t e r than t h e d i s t a n c e mapped, 
i t must occur i n dimensions d e f i n e d by the c o n s t r u c t v e c t o r s o f 
one or more of the components not on t h e map. So i t must show 
up i n some o t h e r map, c o n s t r u c t e d i n t h e same way, r e f e r r i n g t o 
some p a i r o f components i n the co n s t r u c t - s p a c e . Although i t i s 
n a t u r a l t o consider t h e major components f i r s t , components which 
show r e l a t i v e l y small omounts of v a r i a t i o n are not n e c e s s a r i l y 
devoid o f i n t e r e s t . There must be some reasonable e x p l a n a t i o n 
i f v a r i a t i o n i s p a r t i c u l a r l y r e s t r i c t e d along some dimension i n 
th e construct-space. I t may n o t be a t a l l d i f f i c u l t t o d e t e c t . 
Two c o n s t r u c t s may be e f f e c t i v e l y t l i e same or almost Lfie same, 
e.g. the r a t i n g s of the elements may d i f f e r s c a r c e l y i f a t a l l 
i n terms o f two c o n s t r u c t s such as "Good .... bad" and "Liice ... 
... d i s l i k e . " Or two elements, e.g. "Myself as I am" and 
"I-lyself as I would l i k e t o be" may be v i r t u a l l y i n d i s t i n g u i s h -
a b l e i n terms o f the c o n s t r u c t s used i n t h e g r i d . I n e i t h e r 
cose, l i t t l e o r no use may have been made o f one o f the 
dimensions a v a i l a b l e i n the g r i d f o r d i s t i n g u i s h i n g between 
the c o n s t r u c t s or the elements. Why the i n f o r m a n t f a i l s t o 
make such a d i s t i n c t i o n may be a q u e s t i o n c f i r t e ' ^ e s t . The 
most u s e f u l r e s u l t s t o examine i n search o f e x p l a n a t i o n , a p a r t 
from the graphs described a l r e a d y , are the t a b l e o f 
c o r r e l a t i o n s between the c o n s t r u c t s , and the t a b l e of d i s t a n c e s 
between t he elements. Sometimes the e x p l a n a t i o n moy be more 
obscure and i n v o l v e d ; and sometimes p r a c t i c a l c o n s i d e r a t i o n s 
may make i t not worth seeking. What i s u n j u s t i f i a b l e i s a 
general assumption t h a t dimensions w^here v a r i a t i o n i s s m a l l 
can have no i n t e r e s t . 
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The second g e o m e t r i c a l e q u i v a l e n t f o r the numerical e n t r i e s on 
the g r i d , which can be shown by graph, i s the d i s p e r s i o n o f the 
c o n s t r u c t s i n the component-space w i t h i n t h e element-space. 
The e n t r i e s i n one row o f a g r i d , o r o f D, can be t r e a t e d l i k e 
the e n t r i e s i n one column. Taken t o g e t h e r , a l l the e n t r i e s 
r e f e r r i n g t o one c o n s t r u c t s p e c i f y a p o i n t f o r i t i n a space 
where the r e f e r e n c e axes are d e f i n e d by the elements, o r , i n 
o t h e r words, the element-space. The e n t i r e a r r a y o f numbers 
i n D corresponds g e o m e t r i c a l l y w i t h a d i s p e r s i o n o f n p o i n t s i n 
t h i s space, which i s rn-dimensional. The variances o f the 
c o n s t r u c t s i n a g r i d always tend t o be the same. They niust 
be e x a c t l y the same i f the elements are ranked i n terms of t h e 
c o n s t r u c t s , or graded dichotomously w i t h a 50:30 s p l i t ; t i i e y 
are equated i f gradings o f any o t h e r k i n d are used and 
normalised; and they s t i l l tend t o be the satne f o r o t h e r , non-
normalised g r a d i n g s , provided the same grading procer'urc i s 
used c o n s i s t e n t l y throughout the g r i d . Thus the p o i n t s f o r 
the n^  c o n s t r u c t s i n the element-space are a l l e i t h e r e x a c t l y or 
approximately e q u i d i s t a n t from a c e n t r a l p o i n t , and consequent-
l y must l i e on or near the s u r f a c e o f a hypersplicre. I t s 
d i m e n s i o n a l i t y depends on the number of components w i t h 
p o s i t i v e l a t e n t r o o t s ; t h a t i s t o say, i t occupies a _ t -
dimensional component-space w i t h i n t he m-dimensional elemr-nt-
space. Constructs w i t f i h i g h l o a d i n g s on the f i r s t component 
only w i l l c l u s t e r t o g e t h e r i n one r e g i o n on the hypersurface i f 
t h e i r l o a d i n g s are p o s i t i v e , and i n t h e d i a m e t r i c a l l y o p p o s i t e 
r e g i o n i f t h e i r l o a d i n g s are n e g a t i v e . Such d i s t r i b u t i o n s 
are easy t o examine when they are represented g e o g r a p h i c a l l y . 
I f the p o s i t i v e pole f o r the f i r s t component i s s e t on the 
157 
equator of a geographical globe at longitude 0^, i t s negative 
pole w i l l be on the equator where the i n t e r n a t i o n a l d a t e - l i n e , 
longitude 180°E or W, i n t e r s e c t s i t . Constructs w i t h high 
loadings on the second component only w i l l be located on the 
surface around points 90^ away from the two poles of the f i r s t 
component, e.g. on the equator at longitude 90^E f o r p o s i t i v e 
loadings and longitude 90°W f o r negative loadings. Constructs 
with high loadings on the t h i r d component only must then be 
located around the points 90° away from those already occupied, 
e.g. a t the North pole f o r p o s i t i v e loadings and the South pole 
for negative ones. 
The geographical model can only include three components of 
course; but i f the f i r s t three components account f o r over 
80 per cent of the t o t a l v a r i a t i o n i n grids of the customary 
size, the model f o r them w i l l usually give a very useful 
i n d i c a t i o n of the r e l a t i o n s h i p s between the constructs. 
Polar co-ordinates of the constructs can be computed and these 
are displayed on tiie p r i n t o u t as H, V and R. The values of H 
and V ( h o r i z o n t a l and v e r t i c a l measurements i n degrees) are the 
ones to be used f o r p l o t t i n g the positions of the constructs; 
and the convention intended f o r adoption i s the one already 
described. A point on the equator i s selected as the o r i g i n , 
with H = 0° and V = 0*^ . Positive values of H are reached by 
moving t o the r i g h t , i . e . eastwards around the globe f o r the 
given number of degrees, and negative values by moving west-
wards. Positive values of V are reached by moving upwards, 
i . e . northwards, negative southwards. The r a d i a l measurement 
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R, i s not used i n map-making. To be precise, a construct can 
only be located on the surface of the sphere i f i t s value of H 
i s 1,00. Otherwise, i t should be located beneath the surface, 
proportionately nearer the larger i t s R. R. has other 
i n t e r e s t i n g properties. I t defines the m u l t i p l e c o r r e l a t i o n 
between the construct and the f i r s t three components; and 
i s the proportion of i t s t o t a l v a r i a t i o n they account f o r . A 
construct with a very small R could perhaps be t r e a t e d as i f i t 
had disappeared beneath the surface completely, f o r most of i t s 
v a r i a t i o n must occur i n dimensions unmapped. (To r e f e r to an 
e a r l i e r argument, i t approaches the point of t o t a l uncertainty, 
i . e . the o r i g i n ) . The advantages of using an actual geo-
graphical globe f o r p l o t t i n g the r e l a t i o n s h i p s between the 
constructs are very great, as i t shows which points are 
d i a m e t r i c a l l y opposite one another. A l l the r e s u l t s obtainable 
by Ciny method of r o t a t i o n i n three dimensions can be seen by 
picking the globe up and t u r n i n g i t around i n one's f i n g e r s . 
There i s no necessary r e l a t i o n s h i p between the number of 
clusters found i n -Jhe dispersion of the constructs and the 
number of components found i n the analysis. The d e s c r i p t i o n 
given f o r 'explaining the use of the polar co-ordinates, above, 
i s highly schematic. Clusters are seldom, i f ever, neatly 
separated by angles of 90°. One rather loose c l u s t e r 
extending i n t o many dimensions i s sometimes a l l there i s t o be 
found; i f so, i t i s j u s t as l i k e l y to be around the point H = 
+ or - 180° and V = 0° as around H = 0° and V = 0°. But 
sometimes, neither region i s occupied: they may both be 
r e l a t i v e l y empty spaces around one of which, at l e a s t , several 
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s m a l l , perhaps t r a i l i n g groups o f c o n s t r u c t s are gathered. 
Among g r i d s i n g e n e r a l , t h e absence o f any simple r e g u l a r i t i e s 
i s p e r p e t u a l . When they both r e f e r t o the same components, a 
map o f the d i s p e r s i o n of the elements i n the construct-space 
and one of the c o n s t r u c t s i n the element- space are two 
d i f f e r e n t views o f t h e same v a r i a t i o n , f o r t h e v a r i a t i o n o f a 
component i n the con s t r u c t - s p a c e i s i d e n t i c a l w i t h i t s v a r i a t i o n 
i n the element-space. So i f s u i t a b l e conventions are adopted, 
e i t h e r map may be p r o j e c t e d onto t h e o t h e r . But i t would be 
very misleading j u s t t o superimpose one onto t h e o t h e r , and map 
the c o n s t r u c t s and t h e elements t o g e t h e r .^ s r i + m p o i n t s i n a 
common component-space. The c o n s t r u c t s should be represented 
as d i r e c t i o n - l i n e s i n the component space; and the elements as 
d i r e c t i o n - l i n e s i n the component space w i t h i n t h e c].enierit-space 
where the c o n s t r u c t s appear as p o i n t s . As the d i r e c t i o n o f a 
l i n e from an o r i g i n can be i n d i c a t e d by a s i n g l e p o i n t a t any 
di s t a n c e from i t , the d i f f i c u l t y can be overcome; but the 
convention being adopted must be c l e a r l y understood . 
Such composite map'^  take advantage o f a unique p r o p e r t y of 
p r i n c i p a l components, t h a t they p r o v i d e a s t a t i o n e r y co-
o r d i n a t e system i n both spaces, a l l o w i n g t h e two d i s p e r s i o n s t o 
be a l i g n e d . They may r e v e a l i n t e r e s t i n g and unexpected 
r e l a t i o n s h i p s between elements and c o i n c i d e n t or d i a m e t r i c a l l y 
opposed c o n s t r u c t s . D i a m e t r i c a l l y o p p o s i t e t h e p o i n t f o r a 
c o n s t r u c t , another p o i n t can be marked on t h e globe f o r i t s 
c o n t r a s t . And s i n c e t h e p r o j e c t i o n f o r an element should be 
regarded as a h y p o t l i e t i c a l c o n s t r u c t r e f e r r i n g t o i t r a t h e r 
than as the element i t s e l f , i t t oo may be regarded as b i p o l a r 
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and represented by two p o i n t s , the pro-eleinent and t h e a n t i -
element. To o b t a i n the p o l a r c o - o r d i n a t e s f o r the oppo s i t e 
pole oF a c o n s t r u c t or a pro-element; when H i s p o s i t i v e , one 
can s u b t r a c t 180*^; Vi'hen H i s ne g a t i v e one can add 180*^; and 
change the s i g n of V. 
For t h e reasons e x p l a i n e d e a r l i e r , the r e l a t i o n s h i p s between the 
c o n s t r u c t s and the elements and o f t h e ele.Tients w i t h one another 
can a l l be expressed i n terms o f d i r e c t i o n c o s i n e s . These are 
mathem a t i c a l l y e q u i v a l e n t t o c o r r e l a t i o n c o e f f i c i e n t s and serve 
l i k e them t o describe how c l o s e l y two v a r i a b l e s are a s s o c i a t e d . 
The p r i n t o u t concludes w i t h f o u r t a b l e s l i s t i n g r e s u l t s oP t h i s 
k i n d . A l l these meaourernents r e f e r t o the r e l a t i o n s h i p s o f the 
elements and the c o n s t r u c t s w i t h one another i n the whole 
component-space,- and enable a mathematical model t o be used i n 
place of the p h y s i c a l n-.odel p r e v i o u s l y d e s c r i b e d . 
As i s c l e a r l y e v i d e n t , n ot o n l y i s rep g r i d methodology a 
powe r f u l t o o l , but the a n a l y t i c a l techniques a v a i l a b l e assume 
maximum advantage from t h e data form a t . 
6.10-1. The r e l i a b i l i t y and v a l i d i t y o f g r i d s i s a s p e c i a l 
o o n s i d c r a t i o n q u i t e d i f f e r f ^ r . ' : from t h e c o n s i d e r a t i o n given t o 
these concepts i n Chapter 5. I n many c o n t e x t s , r e l i a b i l i t y 
estimates w i ] . l themselves be a t e s t o f the v a l i d i t y of 
p a r t i c u l a r g r i d measures; and i t may o f t e n be the case t h a t 
p a r t i c u l a r v a l i d i t i e r hinge cn the f i n d i n g of low r e l i a b i l i t y . 
( T h i s was recognised by Cronbach and Heehl (1955) i n t h e i r 
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discussion of construct v a l i d i t y ) . I n terms of g r i d method, 
people who respond s i m i l a r l y t o the same " s t i m u l i " , or elements, 
w i l l be considered s i m i l a r i n t h a t respect, i . e . i n r e l a t i o n t o 
t h e i r element allotment and construct r e l a t i o n s h i p s i n tha t 
p a r t i c u l a r area. They w i l l not necessarily be considered 
a l i k e i n other areas of construing, as yet unexplored. I f two 
people respond d i f f e r e n t l y to a set of elements i n terms of a 
number of constructs, they need not necessarily be considered 
as d i f f e r e n t people as regards t h e i r construct system f o r 
dealing w i t h these elements. I n construct theory terms, 
s i m i l a r i t y between persons i s seen i n terms of s i m i l a r i t y of 
the constructions they have placed upon experience, not i n 
terms of s i m i l a r i t y of the experience they have undergone. 
This conception i s embodied i n g r i d measurement, i n tha t i t i s 
possible f o r two people t o a l l o t the same elements q u i t e 
d i f f e r e n t l y to the poles of the same constructs; yet when the 
g r i d i s analysed they may be shown t o be operating very s i m i l a r 
construct systems. 
The data provided by a g r i d are i n the form of a matrix (of 
cor r e l a t i o n s or matching scores), which i s assumed to represent 
the pattern of rela t i o n s h i p s between the constructs used i n the 
g r i d , and to be an index of the network of implic a t i o n s between 
the obtained sample of constructs f o r the i n d i v i d u a l subject. 
This matrix of rela t i o n s h i p s (or any specif i e d part of i t ) can 
i t s e l f be the object of " r e l i a b i l i t y " assessment. Thus, f o r 
any given subject, a t e s t - r e t e s t c o e f f i c i e n t can be calculated, 
by rank ordering each of the matrices, which his g r i d 
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performance has yielded on two separate occasions, from the 
highest p o s i t i v e r e l a t i o n s h i p through zero to the highest 
negative r e l a t i o n s h i p , and then c a l c u l a t i n g the Spearman rho 
between these two rank orders. Such a rho i s , i n one sense, 
an index of f a c t o r i a l s i m i l a r i t y between the two matrices, and 
represents an estimate of the degree t o which the pattern of 
the construct i n t e r - r e l a t i o n s h i p s of the subject has remained 
stable across the time i n t e r v a l . Again, i n terms o f such a 
derived measure, no general estimate of r e l i a b i l i t y can be 
given, because, as w i l l be shown, i t w i l l be grossly 
influenced by factors such as the elements and constructs used, 
i n d i v i d u a l and group differences, methods of administration, and 
so f o r t h . However, as a kind of s t a t i s t i c a l p l a t i t u d e , i t can 
be said t h a t by using elements such as people known personally 
t o the subject, with supplied constructs of a conventional type 
and with e i t h e r a rank order of s p l i t - h a l f matching administ-
r a t i o n , normal subjects, doing repeat g r i d s , on e i t h e r the same 
or d i f f e r e n t elements, tend t o y i e l d c o e f f i c i e n t s of 
r e l i a b i l i t y which f a l l l a r g e l y w i t h i n the range 0.6 to 0,8. 
F i e l d and Landfield (1961) concluded t h a t ( i ) given the same 
elements, the subjects, a f t e r a two week i n t e r v a l , produce very 
s i m i l a r constructs (Pearson r = 0.79); ( i i ) when allowed t o 
take the t e s t e n t i r e l y afresh and considering new elements, 
subjects equally reproduce t h e i r e a r l i e r constructs (Pearson 
r = 0.80.). 
The author had reservations about such a technique as one might 
expect an i n d i v i d u a l ' s construction t o change with time and by 
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v i r t u e of having been involved w i t h completing a g r i d . I n an 
associated piece of work, the author found (Hopwood and Keen 
1977) that where feedback was witheld from a group of 
respondents (who had completed a g r i d as a means of having 
t h e i r teaching appraised) t e s t - r e t e s t c o r r e l a t i o n s were as 
high as those stated. However, when feedback was provided t o 
the respondent between the two e l i c i t a t i o n s , the c o r r e l a t i o n 
plunged t o near zero. 
This i l l u s t r a t e s the i n t e r l o c k i n g of the usual concepts of 
v a l i d i t y and r e l i a b i l i t y when applied to g r i d methods, i n th a t 
they can be looked on as experimental explications of the 
dichotomy c o r o l l a r y , which states t h a t "a person's construction 
system i s composed of a f i n i t e number of dichotomous constructs'.' 
These studies suggest th a t the g r i d t e s t s are " r e l i a b l e " i n the 
sense t h a t where constructs about people are concerned (and, 
one would tend to assume, where other types of construct are 
concerned), normal sampling procedures apply. Grids are 
delving i n t o a l i m i t e d r e p e r t o i r e of constructs which the 
subject has availr.ble, and there i s no fear of being 
confronted with the everlasting pages of an i n f i n i t e personal 
d i c t i o n a r y . 
This h i g h l i g h t s the f a c t t h a t users of g r i d methods are faced 
on each occasion with an e x p l i c i t sampling problem, i n that 
they must select elements, constructs, methods of admini-
s t r a t i o n and methods of analysis appropriate t o the context 
i n which they are attempting t o make predictions. This 
c e r t a i n l y does not r e l i e v e them of sampling problems, nor does • 
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i t guarantee t h a t they w i l l adequately solve them; but i t 
does mean t h a t they have e x p l i c i t l y t o face them ti m e and 
again, and they are l e s s l i k e l y t o i g n o r e the dangers o f 
sampling e r r o r by r e s t i n g content w i t h a pseudo, o n c e - f o r - a l l 
s o l u t i o n t o the problem. 
Returning t o the main theme of t h i s paragraph, namely the 
r e l i a b i l i t y and v a l i d i t y of g r i d methods, one has t o consider 
the i m p l i c a t i o n s o f s u p p l y i n g c o n s t r u c t s . The problems which 
can a r i s e when the c o n s t r u c t s are s u p p l i e d by the experimenter, 
r a t h e r than e l i c i t e d from the s u b j e c t , arc obvious - any 
assurance t h a t the c o n s t r u c t s are a meaningful p a r t of the 
s u b j e c t ' s r e p e r t o i r e i s f o r f e i t e d , and some o f the g r i d m a t r i x 
v a r i a n c e w i l l i n e v i t a b l y r e f l e c t a degree o f f a i l u r e by the 
s u b j e c t t o t r a n s l a t e tiicm i n t o h i s own terms (Isaacson and 
L a n a f i e l d , 1965, and Cromwell and C a l d w e l l , 1962). Yet i n 
experiments w i t h s p e c i f i c hypothesis and i n those i n v o l v i n g 
group comparisons, c o n s t r u c t s u p p l y i n g seems u s e f u l . T a c t i c s 
which reduce, though they do not e l i m i n a t e , d i s t o r t i o n e f f e c t s 
i n s u p p l i e d c o n s t r i i c t g r i d s , are suggested. 
I n any g r i d or g r i d s e r i e s i n v o l v i n g s u p p l i e d c o n s t r u c t s , 
r . d d i t i o n a l e l i c i t e d c o n s t r u c t s from the s u b j e c t can be used. 
The presence o f such i n d i v i d u a l l y v a r y i n g e l i c i t e d c o n s t r u c t s 
does not a f f e c t the c a l c u l a t i o n o f r e l a t i o n s h i p s between tiie 
standard c o n s t r u c t s , but i t does p r o v i d e a means o f checking 
something o f the meaningfulness of the s u p p l i e d c o n s t r u c t s . 
A markedly lower l e v e l o f i n t e r c o r r e l a t i o n between s u p p l i e d 
than between e l i c i t e d c o n s t r u c t s c o u l d i n d i c a t e t h a t the 
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s u p p l i e d c o n s t r u c t s were l a r g e l y v e rbiage f o r t h e s u b j e c t . An 
i n d i v i d u a l examination of s u p p l i e d / e l i c i t e d c o n s t r u c t r e l a t i o n -
ships i n the g r i d m a t r i x might y i e l d i n f o r m a t i o n as t o any 
unusual meanings which had been at t a c h e d t o the s u p p l i e d 
l a b e l s . The s t r a t e g y adopted by the author and described i n 
paragraph 6.9.1. and 6.9.2. o f e l i c i t i n g c o n s t r u c t s by t r i a d s 
and p r o v i d i n g 'prompt' words arose from t h e experience o f pre-
t e s t i n t e r v i e w i n g o f s i n g l e s u b j e c t s and groups on the t o p i c s 
covered i n the g r i d t o y i e l d i n f o r m a t i o n as t o the common 
vocabulary a v a i l a b l e , and incr e a s e t h e experimenter's chances 
of couching s u p p l i e d c o n s t r u c t s ( o r key words) i n terms 
meaningful t o h i s s u b j e c t . This type o f methodology i s ler>s 
prone t o the dangers i n h e r e n t i n p r o v i d i n g c o n s t r u c t s ^ a n d y e t 
i t s t i l l does pe r m i t t h e a n a l y s i s between a p p l i e d and e l i c i t e d 
c o n s t r u c t s noted above. 
I n t h i s research, the s e l e c t i o n of t h e 20 elements was under-
taken t o t r y and maximise the v a l i d i t y ; a l t h o u g h , as was 
i n d i c a t e d i n the previous paragraph, no guarantee could be 
made u n t i l the dat;« were a v a i l a b l e . The e f f e c t o f element 
s e l e c t i o n on v a l i d i t y i s two pronged. F i r s t l y , the number o f 
elements should r e f l e c t the s u b j e c t s d i s c r i m i n a t i n g c a p a c i t y ; 
i->'jt t h i s i s r e a l l y only o f r e a l importance where r a n k i n g r a t h e r 
than r a t i n g o f elements i s demanded, and, secondly, t h a t a l l 
the elements used f o r s o r t i n g i n the g r i d must be w i t h i n the 
range of convenience o f the c o n s t r u c t s s u p p l i e d and e l i c i t e d . 
This r u l e has been c o n s t a n t l y i n mind i n d e s i g n i n g t h e 
p a r t i c u l a r g r i d f o r t h i s research. I t cannot be denied, 
however, t h a t as so much of c o n s t r u c t t h e o r y hinges on the 
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notion of the b i p o l a r i t y of constructs, t h a t the r e l i a b i l i t y or 
u n r e l i a b i l i t y , i n d i f f e r e n t i n d i v i d u a l s , or under d i f f e r e n t 
conditions or between d i f f e r e n t constructs, of the 
d i s t r i b u t i o n of elements between the poles must be a matter of 
major i n t e r e s t . Any discussion about lopsidedness of a 
construct implies t h a t the r e l a t i v e allotment of elements to 
the two poles of the construct f o r any given i n d i v i d u a l i s an 
in d i c a t o r of s t a b i l i t y , i n the sense tha t we would expect the 
proportions i n each pole to be roughly the same when an 
i n d i v i d u a l uses the same construct on two random samples of 
elements. Care, therefore, has to be taken i n i n t e r p r e t i n g 
the r e s u l t s i n d i c a t i n g lopsidedness, t h i s problem i s minimised 
by the adoption of a r a t i n g scale as opposed t o the 
t r a d i t i o n a l binary response-
Another aspect of g r i d method i s relevant to the concern with 
the predictable s t a b i l i t y , rather than the general s t a b i l i t y , 
of scores. The g r i d i s not a t e s t , but a variable technique: 
i t can be cast i n t o many d i f f e r e n t forms, i n v o l v i n g any number 
of d i f f e r e n t types of constructs and elements, and many kinds 
of scores can be derived. Since there i s no such th i n g as the 
g r i d , there can be no such t h i n g as the r e l i a b i l i t y of the gr i d , 
Any 'consideration of a s p e c i f i c r e l i a b i l i t y c o e f f i c i e n t quoted 
f o r a p a r t i c u l a r instance of the ap p l i c a t i o n of g r i d method, 
must take i n t o account, f i r s t l y , the p a r t i c u l a r measure 
extracted from data supplied by the g r i d ; secondly, the type of 
experimental s i t u a t i o n w i t h i n which repeat g r i d data were 
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obtained, and t h i r d l y , the general parameters which a f f e c t 
r e l i a b i l i t y c o e f f i c i e n t s i n any g r i d context. 
I n conclusion of t h i s discussion on the r e l i a b i l i t y of g r i d s , 
the author i s forced t o accept t h a t since t h i s i s a procedure 
r e l a t i n g to a theory which a f f i r m s t h a t "man i s a form of 
motion", i t i s necessary to challenge the orthodox notion of 
high r e l i a b i l i t y as an i n v a r i a b l y desirable c h a r a c t e r i s t i c of 
t e s t s . However, even bearing i n mind the slender evidence 
available, i t would seem t h a t constructs which account f o r 
l i t t l e of the variance i n g r i d matrices are l i k e l y t o be those 
with many near-zero r e l a t i o n s h i p scores: and t h i s r e s t r i c t i o n 
of variance, plus the tendency of low c o r r e l a t i o n s t o wobble 
randomly around zero, may, of i t s e l f , reduce the r e l i a b i l i t y 
c o e f f i c i e n t . Consequently, i t would seem wise t o assume tha t 
r e l i a b i l i t y w i l l be, i n p a r t , a function of g r i d form and type 
of administration. 
Moving on to v a l i d i t y , as d i s t i n c t from the previous discussion, 
which looked at the i n t e r r e l a t i o n s h i p of v a l i d i t y and 
r e l i a b i l i t y , one i s forced again, i n g r i d methodology, to 
r e j e c t t r a d i t i o n a l ideas. As stated by English and English 
(1958): 
"there i s no such t h i n g as general v a l i d i t y . Nor i s 
there absolute v a l i d i t y - we determine the degree of v a l i d i t y . 
And the v a l i d i t y index has no meaning apart from the p a r t i c u l a r 
operations by which i t i s determined." 
These structures apply t o any consideration of the v a l i d i t y of 
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g r i d technique i n a h i g h l y s p e c i f i c way. Ju s t as with 
r e l i a b i l i t y , t o ask what i s the v a l i d i t y o f t h e g r i d i s l i k e 
a s king what i s the v a l i d i t y o f the q u e s t i o n n a i r e . The 
ques t i o n s would be, what q u e s t i o n n a i r e ? , i n what c o n t e x t ? , 
used f o r what purpose? The number and manner o f g r i d s i s , 
f o r p r a c t i c a l purposes, i n f i n i t e . Perhaps a l l t h a t can be 
done i s t o consider whether t h e b a s i c r a t i o n a l e o f g r i d s makes 
sense, whether t h e i r a p p l i c a t i o n g ives r e s u l t s which t a l l y w i t h 
the u n d e r l y i n g assumptions and whether t he use o f g r i d methods 
t o date j u s t i f i e s t i i e i r c o n t i n u e d e l a b o r a t i o n . I t need not be 
s t a t e d t h a t the author considers t h a t g r i d methods t o date are 
v a l i d and so j u s t i f y f u r t h e r e l a b o r a t i o n ! 
I n terms of c o n s t r u c t t h e o r y , tl'.ese modes of v a l i d a t i o n seem 
incomplete. C o n s t r u c t t h e o r y envisages each i n d i v i d u a l as 
developing and op'^rating an e l a b o r a t e , even though sometimes 
p o o r l y a r t i c u l a t e d , c o n s t r u c t system, designed t o dea.l w i t h 
many s i t u a t i o n s . Measures of such a system can o n l y be 
m i n i m a l l y v a l i d a t e d i n a r t i f i c i a l and r e s t r i c t i n g c o n t e x t s . 
I t has been argued t h a t t h e appearance o f s t a t i s \ . i c e l l y 
s i g n i f i c a n t i n t e r n a l r e l a t i o n s h i p s i n g r i d s g i v e s v a l i d a t i o n a l 
support t o the c e n t r a l t e n e t of c o n s t r u c t t h e o r y - t h a t people 
construe i n an organised way - and t h i s suggests i n t u r n , t h a t 
the g r i d i s a u s e f u l means of o b j e c t i f y i n g t h i s t h e o r e t i c a l 
c o n t e n t i o n . Although t h e f a t e of any t h e o r y need not t u r n on 
the outcome o f a p a r t i c u l a r experiment or t l i e v a l i d i t y o f a 
p a r t i c u l a r p r e d i c t i o n , i t s v a l i d i t y cannot be maintained i f a 
succession o f hypotheses, when put t o adequate e x p e r i m e n t a l 
t e s t , do not t u r n out t o be p a l p a b l y t r u e . Thus, the theory 
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can o n l y become v a l i d when someone i s able t o make use of i t 
t o produce v e r i f i a b l e and l a r g e l y v e r i f i e d hypotheses. 
Hypotheses can be e r e c t e d and t e s t e d f o r a s i n g l e s u b j e c t , i n 
a manner not p o s s i b l e w i t h c o n v e n t i o n a l normative t e s t s , and 
a range of c o n v e n t i o n a l p o p u l a t i o n s t a t i s t i c s ( i n c l u d i n g forms 
o f c l u s t e r a n a l y s i s ) i s p o t e n t i a l l y a v a i l a b l e f o r use i n analy-
s i n g i n d i v i d u a l g r i d s . The i n d i v i d u a l can be s t u d i e d , not 
merely i n the sense of t a k i n g s u b j e c t s one a t a t i m e , nor i n 
t h e sense of making t h e c o n t e n t o f t e s t items r e l a t e t o a 
p a r t i c u l a r i n d i v i d u a l , but a l s o i n the sense of developing a 
complete experimental (icsign f o r a s i n g l e s u b j e c t . SpeciTic 
hypotheses can be prepared b e f o r e the g r i d i s a d m i n i s t e r e d , or 
indeed, d u r i n g the a n a l y t i c a l stage . Since the g r i d allow;; 
i n t e r n a l t e s t s o f s i g n i f i c a n c e , no p r i o r v a l i d a t i o n s p e c i f i c 
t o the problem i n hand i s necessary, even though t h e basic 
assumptions undei^lying t h e methcc: have t o be met. 
6-10.2. The p r e c i s e a d m i n i s t r a t i o n procedure f o r t h e whole data 
c o l l e c t i o n e x e r c i s e i s d e s c r i b e d i n Chapter 7; however, t h i s 
chapter would be incomplete w i t h o u t a d e s c r i p t i j n o f the 
manner i n which the g r i d e l i c i t a t i o n was p o s s i b l e . 
I n p i l o t i n g the g r i d , as desioned f o r use i n t l i i s r e s e a r c h , 
the author found group a d m i n i s t r a t i o n t o be acceptable o n l y 
wfiere the groun s i z e was s m a l l enough f o r t h e a d m i n i s t r a t o r 
t o f u l l y i n t e r a c t w i t h a l l t h e respondents. An optimum s i z e 
proved to be t h r e e respondents. Thus a l l the data c o l l e c t i o n 
was undertaken e i t h e r on an i n d i v i d u a l (one t o one) basis or 
by s m a l l groups of two or t h r e e respondents. I n every case 
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the author was the g r i d a d m i n i s t r a t o r i n order t o c o n t r o l any 
vari a n c e of i n s t r u c t i o n s which may have r e s u l t e d from the use 
of a d d i t i o n a l a d m i n s t r a t o r s . Each session was planned t o take 
t h r e e and a h a l f hours on one day, ( a l t h o u g h t h i s was f r e q u e n t l y 
spread over a lunch b r e a k ) . Only one respondent r e q u i r e d more 
time , i n s i s t i n g on using ?.l c o n s t r u c t s (although subsequent 
a n a l y s i s i n d i c a t e d these not t o be independent, and r e q u i r i i i g 
n e a r l y f i v e hours of u n i n t e r r u p t e d time t o complete t he whole 
e x e r c i s e ) . For the m a j o r i t y o f respondents, 2J- - 3 hours 
proved adequate, and some (about t w e l v e ) completed t h e whole 
session i n l e s s than 2^ hours. 
Before a d m i n i s t r a t i o n , a guarantee was given t o each and every 
respondent t h a t t o t a l anonymity would he preserved. The 
respondent's name was not recorded^although each s u b j e c t was 
givun a p e r s o n a l i s e d number which he was requested t o quote 
should he wish t o seek any ' f o l l o w up' i n f o r m a t i o n - T!ie 
second p a r t of the guarantee o f anonymity concerned t he names of 
persons, other t l i a n the respondent^ who may be used i n the 
a d m i n i s t r a t i o n s e s s i o i i . Respondents were irvformed t h a t t t i e y 
would be r e q u i r e d t o c i t e names of o t h e r s on cards, but t h a t 
upon completion of tite e x e r c i s e the cards would be destroyed 
bv'^fcre tl";e author and s u b j e c t l e f t the a d m i n i s t r a t i o n room. 
The p e r s o n a l i s e d number was randomly drawn from a s e t o f numbers 
and a g a i n s t t h i s number the author recorded only the cla s s o f 
respondent, i . e . Teacher of p h y s i c s j Student of phy s i c s or 
teacher o t h e r than of p h y s i c s . 
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The a t t i t u d e inventory was then administered. For student 
respondents the inventory r u b r i c was e x p l i c i t about the way i n 
which the inventory should be completed. For the remaining 
two classes of respondent a f u r t h e r verbal i n s t r u c t i o n was 
given, namely t h a t they were t o complete the questionnaire, as 
they believed would be appropriate i f they were now a student 
of physics i n t h e i r f i r s t year of undergraduate study. Some 
d i f f i c u l t y was experienced with many of the non-physicist 
respondents who claimed that they, never having studied physics, 
could not undertake such a task. To these respondents 
encouragement was offered^and they were asked t o attempt the 
exercise with the proviso t h a t where any d i f f i c u l t y was 
experienced, the administrator would be available t o help. I n 
none of these cases was f u r t h e r a i d sought, suggesting t h a t 
these respondents could^in f a c t , complete the inventory with 
r e l a t i v e ease, w i t h i n the constraints imposed. 
T h i r t y minutes was allocated t o t h i s section ( a t t i t u d e 
inventory) including the i n t r o d u c t i o n and c o l l e c t i o n of 
completed forms. This timing proved adequate f o r a l l but a 
few respondents. Any v a r i a t i o n i n timing was r e l a t i v e l y 
unimportant as administration was always undertaken e i t h e r 
i n d i v i d u a l l y or i n small groups ( 2 - 3 persons). I t shoui'J be 
noted that w h i l s t lunch, coffee and tea breaks were a feature 
of the administration session, these were always taken between 
the administration of the a t t i t u d e inventory and the g r i d and 
at no other time. 
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The second phase was concerned with the g r i d format and the 
elements. The respondents were introduced to the g r i d with a 
b r i e f ( 2 - 3 minute) explanation i n simple terms, of what they 
would be called upon t o do. I t was made clear that they would 
be guided through the process and should, therefore, only • 
concern themselves with each immediate task as i t was presented 
to them. An envelope containing 20 cards corresponding t o the 
20 elements was then provided. They were t o l d t h a t 13 of the 
cards contained r o l e descriptions t o which they should 
associate a named person who should be c i t e d i n the appropriate 
space on each card. The same name was not permitted to be 
repeated., although some cards could be l e f t blank i f the 
respondent found i t quite impossible to r e l a t e a name to the 
rol e t i t l e . This part of the exercise was variable i n i t s 
consumption of time and frequently exceeded the 30 minutes 
nominal time a l l o c a t i o n . The remaining seven cards had 
passport size photographs of physics teachers, the l e t t e r code 
(corresponding t o the g r i d column) and a key word or phrase 
related to what the teacher was doing on the videotape. The 
respondents were a l l given the same precise i n s t r u c t i o n , 
namely to watch a videotape which lasted 29 minutes. They 
were t o l d that each o f the seven teachers on the cards would be 
seen c l e a r l y i d e n t i f i e d by the photograph, key word and leUi-ei*' 
furthermore they were i n v i t e d t o make any comments they wished, 
related to what they saw, on the appropriate cards. The 
exercise was then undertaken i n one continuous viewing. 
Questions were not permitted w h i l s t the videotape was running. 
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The t r i a d method of e l i c i t i n g constructs was then explained, as 
was the scoring system and, very slowly, the f i r s t l i n e of the 
g r i d completed with the administrator g i v i n g c o n t i n u a l , 
p o s i t i v e , guidance. The respondents were then i n v i t e d to 
continue using new constructs f o r every row, seeking advice 
wherever they f e l t i t necessary. The administrator kept 
involved by asking questions where appropriate, i n the usual 
manner, to check such items of a p p l i a b i l i t y of elements to a 
construct, b i p o l a r i t y of constructs, etc. A f t e r s i x to ten 
constructs had been e l i c i t e d , the optional l i s t of items was 
provided f o r reference. Few respondents used the l i s t to 
formulate actual constructs, but reading i t often stimulated 
involvement and seemed to f a c i l i t a t e new construct e l i c i t a t i o n . 
On e l i c i t i n g his 12th. construct, a respondent was informed 
t h a t , f o r many people, 20 constructs were more "han were 
required and t h a t he was to f e e l free t o cease completing the 
g r i d i f i t became apparent to him that he had exhausted his 
rep e r t o i r e of constructs. 
The same procedure was used f o r a l l respondents. 
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7.1. I n t h i s , as I n any research p r o j e c t , samplincj i s an i m p o r t a n t 
mechanism f o r o b t a i n i n g data from a r e s t r i c t e d group o f 
respondents which may be considered r e p r e s e n t a t i v e o f the t o t a l 
u n i v e r s e of respondents. C l e a r l y i t would be q u i t e i m p o s s i b l e 
t o seek i n f o r m a t i o n from every s t u d e n t and,, o r , teacher o f 
physics i n Great B r i t a i n w i t h i n t h e l i m i t a t i o n s o f a Ph.D. 
research p r o j e c t . Apart from t h e N a t i o n a l Census, which does 
seek i n f o r m a t i o n from every member o f the p o p u l a t i o n ( o r 
unive r s e of respondents) a l l data g a t h e r i n g techniques r e l y t o a 
g r e a t e r or les s e r e x t e n t on v a r i o u s sampling t e c h n i t ] u e s . Before 
the s t r a t e g y f o r sample s e l e c t i o n adopted by the a u t l i o r i s 
considered, some terms r e q u i r e d e f i n i t i o n . 
7.2. The Universe of respondents i s d e f i n e d as a l l p o s s i b l e 
respoi^dents w i t h i n the a p p r o p r i a t e c a t e g o r y . 
The p o r t i o n of the univ e r s e t o which an author was :;cces5 i s 
c a l l e d the p o p u l a t i o n . I n t h i s research t h e author n e g o t i a t e d 
access t o teach.ers and s t u d e n t s withj.n seven u n i v e r s i t i e s and 
twenty p o l y t e c h n i c s ( a l t h o u g h i t should be noted t h a t not a l l of 
those i n s t i t u t i o n s p r o v i d i n g access t o st u d e n t s were used i n the 
r e s e a r c l i ) . The p o p u l a t i o n o f respondents t h e r e f o r e were the 
students and s t a f f f u l f i l l i n g t h e a p p r o p r i a t e group d e f i n i i H } 
c r i t e r i a who taught or s t u d i e d i n those i n s t i t u t i o n s t o which 
access had been g a i n e d . 
The i n v i t e d sample i s d e f i n e d as a l l elements o f the p o p u l a t i o n 
t o which an i n v i t a t i o n t o p a r t i c i p a t e i n the research was 
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extended. The acceptinc] sample was t h a t p o r t i o n of t h e i n v i t e d 
sample t h a t accepted the i n v i t a t i o n and agreed t o p a r t i c i p a t e . 
F i n a l l y the data-producing sample was t h a t p o r t i o n of the 
acc e p t i n g sample t h a t a c t u a l l y produced data. 
The research hypotheses r e l a t e t o t h e u n i v e r s e o f respondents and 
y e t t h e i r i n v e s t i g a t i o n i s based on the data-producing sample. 
Care has t o be exercised i n s e l e c t i n g a sample such t h a t the 
u l t i m a t e group of data-producing respondents are not u n l i k e t he 
u n i v e r s e from ivhich they are drawn. 
7.3- RepresentativencGS of the sample i s the major c o n s i d e r a t i o n . 
I t i s not s u f f i c i e n t t o s e l e c t a r e p r e s e n t a t i v e p o p u l a t i o n alone 
nor indeed a r e p r e s e n t a t i v e i n v i t e d sample, i t i s the d a t a -
producing sample which needs t o be r e p r e s e n t a t i v e ^ and so the 
q u e s t i o n of r e p r e s e n t a t i v e n e s s i s a r e c u r r i n g one. 
7.3.1. At every stage of the sample s e l e c t i o n from p o p u l a t i o n t o 
data-producing sample there i s a requirement f o r r e p r e s e n t a t i v e -
ness, but r e p r e s e n t a t i v e i n terms o f what? C l e a r l y r e p r e s e n t -
ativeness i s r e q u i r e d i n terms o f those v a r i a b l e s known t o be 
r e l a t e d t o the phenomenon under i n v e s t i g a t i o n . This i m p l i e s 
t h a t t o achieve r e p r e s e n t a t i v e n e s s a researcher must know the 
c h a r a c t e r i s t i c s which are r e l a t e d to the phenomena and/or 
behaviour t h a t he i s t o study. Previous research and theory 
can provide t h i s knowledge_,the former o f the two being the most 
u s e f u l i n t h a t i t provides e m p i r i c a l l y demonstrated r e l a t i o n s h i p s 
w h i l s t the l a t t e r simply suggests t h a t a r e l a t i o n s h i p should 
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e x i s t . A d d i t i o n a l l y a researcher i s l i k e l y to have subjective 
ideas of a d d i t i o n a l c h a r a c t e r i s t i c s which he hypothesises might be 
relevant although neither previous research nor accepted theory 
supports h i s 'hunch.' Often, as w i t h t h i s research, the 'hunch' 
l i s t of c h a r a c t e r i s t i c s i s longer than the objective l i s t I 
7.3,2. Three d i s t i n c t class of respondent had been defined f o r t h i s 
research, namely 
a) Teachers of f i r s t year undergraduate physics 
b) F i r s t year undergraduate students of physics 
c) Teachers of f i r s t year undergraduates from d i s c i p l i n e s 
other than physics 
Thus a s t r a t i f i c a t i o n of the t o t a l universe of respondents had 
been made to produce three classes of respondents who would 
produce data relevant to the spe c i f i e d hypotheses. This 
s t r a t i f i c a t i o n identi-fied three ' c h a r a c t e r i s t i c s ' of respondents 
i n t h a t each sample group would have t o e x h i b i t some 
' q u a l i f i c a t i o n s ' which enabled them t o corporately f u l f i l the 
class t i t l e . I n other words respondents i n the class of 
'teachers of f i r s t year undergraduates physics' had to be 
cu r r e n t l y employed f o r a t leas t some of t h e i r time i n the task of 
teaching physics t o f i r s t year undergraduates! 
From the l i t e r a t u r e , some c h a r a c t e r i s t i c s can be i d e n t i f i e d as 
important. Of these the sector from which the respondents were 
drawn seemed c r u c i a l . There i s some unpublished evidence t o 
suggest t h a t the public sector (Polytechnics) and the p r i v a t e 
sector ( U n i v e r s i t i e s ) would produce d i f f e r e n t types of respondent 
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f o r a v a r i e t y of reasons. Representativeness i n t h i s respect 
could be ensured by selecting equal numbers of respondents from 
each type of i n s t i t u t i o n . (An analysis of the data c o l l e c t e d 
has indicated t h a t there was no s i g n i f i c a n t d i f f e r e n t between 
these groups on any of the hypotheses). 
The two c h a r a c t e r i s t i c s hypothesised as being of great importance 
were a t t i t u d e and pedagogic p r a c t i c e . Whilst evidence was 
available from the l i t e r a t u r e t o support t h i s , these variables 
were c r u c i a l t o the i n v e s t i g a t i o n of the hypotheses and 
necessitated the development of the instrumentation described i n 
Chapters 3 and 6. Representativeness on these variables could 
not be ensured before the research was undertaken and so random 
selection techniques were u t i l i s e d . Other c h a r a c t e r i s t i c s 
considered worth ensuring representativeness on were: 
i ) Age (a,c) 
i i ) Sex (a,b,c) 
i i i ) Experience; length of service (a,c) * 
i v ) Physics main vs. Physics subsidiary (a) 
v) Teacher tra i n e d vs graduate only (a,c) 
v i ) Volunteer vs Conscript (a,b,c) 
v i i ) Unknown c h a r a c t e r i s t i c s (a,b,c) 
(Note: The l e t t e r s i n parenthesis correspond t o the 
classes of respondent l i s t e d at the s t a r t of paragraph 7.3.2.). 
In order t o ensure representativeness on a l l these variables one 
needs to know which c h a r a c t e r i s t i c s are r e l a t e d t o the phenomenon 
under study, and have the a b i l i t y t o measure each c h a r a c t e r i s t i c 
as w e l l as having population data on the c h a r a c t e r i s t i c t o use as 
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the basis f o r comparison. Where such knowledge was not 
available random sampling was used. The flow chart of 
Fig. 7/1 i l l u s t r a t e s how the research sample was i d e n t i f i e d 
FIG. 7/1 ABOUT HERE 
Some elaboration i s necessary, p a r t i c u l a r l y w i t h regard to 
the a c t i v i t i e s associated with the box asterisked. 
Having i d e n t i f i e d seven u n i v e r s i t i e s and twenty polytechnics 
which i t was possible f o r the author t o v i s i t f o r c o l l e c t i n g data, 
f i v e of each were i n v i t e d to p a r t i c i p a t e . ( P r oportionally about 
half of a l l students of physics are i n each type of i n s t i t u t i o n ) . 
The ten were chosen t o cover a geographical area from Plymouth t o 
Newcastle with both large and small i n s t i t u t i o n s included. Nine 
agreed to p a r t i c i p a t e . Whilst the flow diagram indicates that 
there was a subsequent i n v i t a t i o n extended t o another i n s t i t u t i o n 
to replace the one wh.LCh refused, t h a t acceptance ar r i v e d too l a t e 
i n the time schedule f o r i t to be used and so data was collected 
from four u n i v e r s i t i e s and f i v e polytechnics. 
i n selecting the data producing sample the c h a r a c t e r i s t i c s 
l i s t e d had to be considered. For many (such as sex, age and 
experience) measurement was st r a i g h t f o r w a r d , f o r others more 
d i f f i c u l t . The author was p a r t i c u l a r l y concerned t h a t he may 
have omitted some important c h a r a c t e r i s t i c which neither he nor 
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FIGURE 7/1 FLOW CHAUT OF SAl-lPLll SELECTION STRATEGY 
Consider liypotheses 
I d e n t i f y ideas 
and 'hunches \ 
Review r e l e v a n t l i t e r a t u r e 
L i s t c h a r a c t e r i s t i c s 
known t o be i m p o r t a n t 
I d e n t i f y Universe 
of respondents 
I d e n t i f y ' p o p u l a t i o n 
Seven U n i v e r s i t i e s 
and twenty 
P o l y t e c h n i c s were 
found t o be 
acce s s i b l e 
I n v i t e p a r t i c i p a t i o n 
from f i v e U n i v e r s i t i e s 
and f i v e P o l y t e c h n i c s . 
Randomly s e l e c t e d . 
Receive acceptances 
and r e f u s a l s . 
l i e f e r t o th e o r y 
S t r a t i f y where r e l e v a n t and l i s t a i l 
c h a r a c t e r i s t i c s f o r each s t r a t a 
i s t i c s f o r 
Physics 
Teachers 
Character-
i s t i c s f o r 
Physics 
Students 
Character-
i G t i c s f o r 
Mon [IV 5.ICS 
Teachers 
Sel e c t data producing 
sample froir i acceptances 
t o f u l f i l requirements 
of ' c h a r a c t e r i s t i c s ' 
I d e n t i f y * f i n a l data 
c o l l e c t i n g sample 
C o l l e c t data 
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previous research had i d e n t i f i e d . To minimise the r i s k of 
such an omission a l l the p o t e n t i a l respondents from the nine 
i n s t i t u t i o n s were l i s t e d and the data producing sample i d e n t i f i e d 
by randomly selecting i n d i v i d u a l s from these l i s t s i n such a way 
tha t representativeness was maintained across the c r i t e r i a known 
to be important and which could be measured. Sex may be c i t e d 
as an example. Less than 5% of physics teachers are female. 
The author's sample r e f l e c t e d t h i s imbalance of the sexes. I t 
i s important to note t h a t the issue i s not how large the 
population i s , nor how large a proportion of the universe i s 
represented i n the population. I t i s concerned instead with 
whether or not, i n terms of factors important t o the research 
problem the data producing sample can be considered represent-
a t i v e of the universe and hence whether generalisations may be 
made about the universe f o r data obtained from the chosen sample. 
This a b i l i t y t o gemrcalise i s not dependent on large num.bers of 
respondents. 
The sample from which data was collec t e d consisted of 37 students, 
21 physics teachers and 18 teachers of subjects other than 
physics. Of these some f a i l e d t o produce v a l i d data and so the 
data producing sample was somewhat reduced as indicated i n 
Table 7/1 
TABLE 7/1 ABOUT HERE 
I t should be noted that the number of respondents i n v i t e d to 
provide data was chosen' from both those agreeing t o p a r t i c i p a t e 
(the accepting sample) and those who had declined t o p a r t i c i p a t e 
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TABLE 7/1, Sizes of data producing sample 
Number i n v i t e d 
to 
p a r t i c i p a t e 
Number.from 
which v a l i d 
data was 
collec t e d 
Percentage of 
accepting sample 
producing data 
Teachers 
of 
Physics 
21 19 
Students 
of 
Physics 
37 33 89.19 
Teachers 
other than 
of Physics 
18 17 
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( i n proportion) i n an attempt t o c o n t r o l f o r any bias introduced 
by selecting only from respondents agreeably disposed t o provide 
data. This was achieved by approaching the sample i d e n t i f i e d and 
asking them i f they would p a r t i c i p a t e . Those who agreed were 
•included, (the accepting sample) and those who declined were 
approached i n d i v i d u a l l y and a small number coerced i n t o 
p a r t i c i p a t i o n . The numbers involved were small (8 out of 76) 
and i n proportion to the acceptance/rejection r a t i o i d e n t i f i e d 
when the i n v i t e d sample was determined ( i . e . 10%). Although the 
anonymity of the data precludes the p o s s i b i l i t y of t e s t i n g the 
idea, i t may w e l l be t h i s group generated d i f f e r e n t r e l a t i o n s h i p s . 
A l l data producing samples were better than 89% representative of 
the groups from which data were c o l l e c t e d . 
7.4. 'Random sampling' i s a term which has been used frequently i n 
paragraph 7.3.2. 'fhe autiior l^as used i t as a general term t o 
embody systematic s e l e c t i o n . I n i t s pure form one would use a 
table of random numbers t o select i n d i v i d u a l s from a pool 
previously numbered i n some way, i t implies that every item has 
an equal chance of being selected. Such a technique was used 
having f i r s t s t r a t i f i e d the population against the c r i t e r i a noted, 
thus each 'draw' of a number from the pool was constrained by the 
l i m i t s imposed by such groups c h a r a c t e r i s t i c s . I n common 
parlance the draw could be said t o be loaded i n favour of those 
respondents e x h i b i t i n g p a r t i c u l a r c h a r a c t e r i s t i c s . Thus the age, 
sex, experience, graduate/non-graduate, etc., c h a r a c t e r i s t i c s were 
represented i n the sample used i n the same proportion as they were 
found t o e x i s t i n the universe of respondents. 
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7.5. The reader has not, as y e t , been provided w i t h the reasoning 
behind the numbers of respondents chosen. The author believes 
th a t size i s less important than representativeness, but having 
determined the minimum number of respondents required f o r 
representativeness there i s the secondary question r e l a t e d t o the 
numbers required t o minimise the i n t r o d u c t i o n of type 1 or type 2 
errors w i t h respect to the hypotheses. 
The problem i s c i r c u l a r i n t h a t the l a t t e r type of consideration 
might demand an increase from 10 to 15 respondents rendering i t 
d i f f i c u l t to maintain the same degree of representativeness with 
15 as had been achieved w i t h 10. The author chose t o determine 
minimum numbers of respondents i n each class to l i m i t the 
chances of errors t o less than 5% and then increase t h i s number 
to the nearest multi p l e of the representativeness c r i t e r i a . 
(The .05 l e v e l of significance had been chosen as the l e v e l at 
.which the i n v e s t i g a t i o n of the hypotheses would be undertaken -
i t was therefore imperative t h a t representativeness e r r o r s i n 
excess of 5% were not introduced, hence 5% was determined as the 
cut o f f p o i n t . I n practice, the sample selection was undertaken 
with representativeness nearer (though not below) an e r r o r 
margin of 1%), This gave 21, W and 18 as the values of N f o r 
Physics teachers, physics students and other teachers respect-
i v e l y . Due t o a lack of females i n the student population, the 
middle number was necessarily reduced t o 37 as indicated i n 
Table 7/1. 
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7.6. From the very nature of the instrumentation respondents were 
able t o deduce that the research data could be used to i d e n t i f y 
personal a t t i t u d e s and personal pedagogic strengths and weaknesses, 
Teachers and t h e i r professional associations are very conservative 
about assessing teaching and there was an i m p l i c i t element of 
assessment embodied i n the instrumentation. 
The author considered the scenario of undergraduate teaching and 
f e l t that many respondents who had agreed t o p a r t i c i p a t e may 
withdraw t h e i r consent when, and i f , the threat of an assessment 
element became apparent. For t h i s reason anonymity guarantees 
were given i n the usual way, but supported by an overt methodol-
ogical attempt to ensure th a t no i n d i v i d u a l ' s response could ever 
be a t t r i b u t e d to him. Such caution proved b e n e f i c i a l i n t h a t no 
respondent withdrew consent (although a few respondents provided 
i n v a l i d data). I n contrast a negative aspect became apparent 
during the data analysis. These were respondents v^ho exhibited 
s p e c i a l , and i n t e r e s t i n g , p r o f i l e s w i t h areas of uncertainty* 
I n such cases the author would have l i k e d to r e t u r n to the 
respondent to explore these areas f u r t h e r , however, the anonymity 
guaranteeing system proved so e f f e c t i v e t h a t such f o l l o w up 
enquiries proved impossible t o conduct, because i n d i v i d u a l 
analyses could not be a t t r i b u t e d t o a s p e c i f i c i n d i v i d u a l , noc 
f o r t h a t matter could an i n d i v i d u a l ' s i n s t i t u t i o n be i d e n t i f i e d I 
7.7. The author v i s i t e d the nine i n s t i t u t i o r x s during the l a s t 
quarter of 1976 and the f i r s t quarter of 1977. I n d i v i d u a l 
administration sessions were arranged f o r most respondents 
although small groups of 2 or 3 respondents were occasionally the 
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subjects of j o i n t administration. The average completion time 
f o r the instrumentation was three hours and a t o t a l of 186 hours 
was spent i n c o l l e c t i n g data. Resource l i m i t a t i o n s precluded the 
p o s s i b i l i t y of c o l l e c t i n g the data i n a systematic way as 
subsistence and t r a v e l l i n g costs were so high t h a t the author 
collected data when his other employment commitments took him 
near t o the lo c a t i o n of a respondent. The majo r i t y of 
respondents appeared to enjoy the experience, and w h i l s t f o l l o w 
up discussions were not formally o f f e r e d , twenty respondents have 
telephoned or w r i t t e n t o the author t o seek feedback information. 
Unfortunately such feedback could not be given as the i n d i v i d u a l ' s 
data became anonymous as soon as the o r i g i n a l g r i d was processed. 
Such i n t e r e s t prompted the development of an associated p r o j e c t 
described i n Chapter 10. 
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8.1. This chapter considers each hypothesis i n t u r n i n r e l a t i o n to 
the data. 
8.2. Before moving t o a consideration of each hypothesis the format 
of the data may be considered. For each i n d i v i d u a l respondent 
two i n d i v i d u a l i s e d sets of data are av a i l a b l e ; f i r s t l y 
information from the respondents completion of the a t t i t u d e 
inventory and secondly the analysis of the i n d i v i d u a l s g r i d . 
A d d i t i o n a l l y respondents have been grouped according t o t h e i r 
a t t i t u d e score on each factor of the a t t i t u d e inventory and f o r 
these groups a corporate analysis (using PREFAN, see Chapter 6) 
has been undertaken. New vari a b l e format cards were produced t o 
select f o r analysis only those elements common to a l l respondents 
A l l subjects i d e n t i f i e d as members of a common a t t i t u d e group had 
t h e i r i n d i v i d u a l grids 'stacked' t o produce one very.long g r i d 
having common elements. The analysis of t h i s composite g r i d may 
be used t o provide some information of group perceptions. 
8.3. Hypothesis 1 
"Atti t u d e t o physics, measured by the a t t i t u d e t o physics 
inventory t o t a l score i f appropriate, (and on each independent 
fa c t o r i f composite scoring i s ina p p r o p r i a t e ) , w i l l be more 
p o s i t i v e f o r teachers of undergraduate physics than f o r f i r s t 
year undergraduate students of physics." 
8.3.1. Evidence has been presented i n Chapter 6 t o show tha t a 
composite score produced by adding together an i n d i v i d u a l ' s 
score on each f a c t o r of the a t t i t u d e inventory i s an i n v a l i d 
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process. The hypothesis has, therefore, to be considered 
against each f a c t o r . Table 8/1 i d e n t i f i e s the actual scores f o r 
a l l the relevant respondents w h i l s t 8/2 specifies the r e l a t i o n -
ships between them. 
TABLE 8/1 ABOUT HERE 
TABLE 8/2 ABOUT HERE 
> 
8.3.2. Before differences between the groups may be compared, a 
number of factors require consideration. F i r s t l y , the n u l l 
hypotheses has to be stated. The hypothesis stated i n 
paragraph 8.3. implies a one t a i l e d t e s t (as the d i r e c t i o n of any 
difference i s made e x p l i c i t ) . The n u l l hypothesis may 
therefore be stated as: 
"The mean score computed from a l l respondents who were teachers 
of f i r s t year undergraduate physics w i l l not d i f f e r from the mean 
score computed from a l l f i r s t year undergraduate physics 
studentsr" The hypothesis w i l l apply t o each of the four 
d i s t i n c t a t t i t u d i n a l f a c t o r s . 
Secondly, l i m i t s need to be specified f o r accepting or r e j e c t i n g 
;^he n u l l hypothesis. Following the discussions of e a r l i e r 
chapters which dealt w i t h the methodological development, i t w i l l 
, be recalled that the 0.05 l e v e l of signi f i c a n c e has been adopted 
throughout t h i s research. Therefore the 0.05 l e v e l of 
significance w i l l be used i n considering the n u l l hypothesis. 
Such an adoption of a l e v e l of signi f i c a n c e prescribes the l i m i t s 
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TABLE 8/1 SCORES QBTAIHED BY RESPONDENTS ON ATTITUDE INVENTORY 
Teachers of Physics Students of Physics 
A B C D A B C D 
22 17 20 19 28 21 21 23 • 
20 . 18 22 19 18 19 18 16 
27 '27 24 16 17 19 12 11 
20 18 20 19 21 20 20 16 
20 '24 23 21 23 15 18 25 
23 22 20 20 22 27 25 21 
24 29 27 20 21 21 20 14 
18 25 25 24 26 17 23 23 
"24 14 14 16 26 22 25 20 
24 18 17 15 17 21 25 25 
20 "18 20 12 20 26 21 16 
16 "16 19 21 17 22 24 16 
25 17 24 18 21 22 22 28 
25 22 19 18 18 28 28 24 
20 24 23 16 17 17 "27 19 
19 26 24 20 17 25 21 21 
25 16 14 21 22 28 22 22 
22 22 20 20 21 21 30 25 
22 25 15 17 18 21 20 13 
18 24 25 19 
19 17 23 20 
22 17 18 18 
18 26 16 17 
25 19 18 17 
15 20 26 17 
22 30 26 23 
13 15 11 15 
22 22 19 15 
15 23 21 16 
16 25 15 16 
25 15 22 22 
18 26 16 6 
23 20 30 25 
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TABLE 8/2 
Means, standard deviations and re l a t i o n s h i p s between 
comparison groups 
Teachers of Physics Mean S.D. 
At t i t u d e factor A 21.90 2.85 
At t i t u d e factor B 20.95 ^.38 
At t i t u d e factor C 20.53 3.70 
At t i t u d e factor D 18.53 2.7if 
Students of Physics 
A t t i t u d e factor A 20.03 3.59 
A t t i t u d e factor B 21.55 if.02 
A t t i t u d e factor C 21A6 if.62 
A t t i t u d e factor D 18.91 i f . 7 ^ 
N Teachers = 19 
N Students = 33 
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w i t h i n which a type 1 error might be made. (Type 1 errors being 
made when one r e j e c t s the n u l l hypothesis by marking a 
difference s i g n i f i c a n t , although no true difference e x i s t s ) . 
There i s therefore a 5% chance t h a t a type 1 e r r o r may be made. 
The adoption of a 0.05 l e v e l of s i g n i f i c a n c e raises^the chances 
of making a type 1 error to 5%, however i t l i m i t s the p r o b a b i l i t y 
of making a type 2 error- (Type 2 errors being made when one 
accepts a n u l l hypothesis by marking a difference not s i g n i f i c a i ^ t , 
when a true difrcrence a c t u a l l y e x i s t s ) . However, i n t h i s 
p a r t i c u l a r case there i s an a d d i t i o n a l p o s s i b i l i t y of making a 
type 2 e r r o r . IP, upon examination of the data, the n u l l 
hypothesis i s accepted as a one t a i l tesL one i s able t o say, with 
5% c e r t a i n t y of being correct, t h a t teachers do not have more 
po s i t i v e scores on a given f a c t o r than do students, but without 
i n v e s t i g a t i n g whether they have a s i g n i f i c a n t l y lower score 
(more negative) a type 2 error might be introduced. This danger 
may be removed by f i r s t i n v e s t i g a t i n g the n u l l hypothesJ.s with a 
two t a i l e d t e s t to determine i f any difference e x i s t s , and then 
checking with a one t a i l e d t e s t to determine i f the d i r e c t i o n of 
the difference coincides with that predicted by the hypothesis 
under i n v e s t i g a t i o n , 
8.3.3. I n determining the s i g n i f i c a n c e of differences between 
means, a v a r i e t y of s t a t i s t i c a l approaches may be made. The 
best choice of s t a t i s t i c i s most l i k e l y to be made having 
considered the population and the sampling procedure. I n t h i s 
case numbers of respondents are r e l a t i v e l y small (Mj^= 19:N2= 33) 
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but are independent and not correlated (as the samples are drawn 
from d i f f e r e n t populations). Had both samples been large 
( i . e . ^ 30) the formula 
could have been used where: 
^ - Standard -Error of the difference between the 
two samples means 
- Standard deviation of sample 1 
Nj^  = Number of respondents i n sample 1 
^ = S.D, of sample 2 
N2 = Number of respondents i n sample 2 
Direct adoption of t h i s formula would be unwise with one sample 
of less than 30 respondents. However, the danger of using the 
formula above i s negated i f both samples may be considered to 
be normally d i s t r i b u t e d . The author has computed ^ ^ values 
(Chapter 6) and founr! a l l of these d i s t r i b u t i o n s to approximate 
to a normal curve and so the formula 8/1 would appear t o be 
s a t i s f a c t o r y . A second check on the normality of the 
d i s t r i b u t i o n was made by applying the Kolmogorov-Smirnov t e s t 
(K-S t e s t , G u i l f o r d 19h(i) which indicated some small deviation 
from normality. The K-S t e s t i t s e l f i s more appropriately 
applied to large samples (30+) and so the r e s u l t may be spurious. 
However, s u f f i c i e n t doubt remained i n the author's mind t o lead 
him to apply the K-S t e s t as an a d d i t i o n a l way of determining 
the standard error of the difference between group means- There 
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being no difference i n the r e s u l t s the adoption of formula 8/1 
was made and a l l the calculations leading t o the r e s u l t s i n table 
8/3 have been based on t h i s formula. 
The author was more interested i n differences which occurred at 
the ends of the d i s t r i b u t i o n rather than at the centre and the 
adoption of t h i s formula accentuated such differences thus 
reducing the p o s s i b i l i t y of e r r o r i n t r o d u c t i o n . 
TABLE 8/3 ABOUT HERE 
8.3.^.The n u l l hypothesis i s rejected f o r Factor A (Examination 
o r i e n t a t i o n ) . One may deduce, with at least 95% assurance, 
t h a t the differences noted have 
not appeared by chance, i . e . t h a t teachers of f i r s t year under-
graduates e x h i b i t a more p o s i t i v e o r i e n t a t i o n towards examination 
success than do t h e i r students. The fa c t o r e n t i t l e d 'exam 
o r i e n t a t i o n ' r e f e r s to the extent t o which a respondent believes 
th a t the pedagogic experience i n f i r s t year undergraduate 
physics courses ought t o be based on the demands of an examin-
a t i o n . The mean scores f o r the teacher group and the student 
group s i g n i f i c a n t l y exceed the n e u t r a l a t t i t u d e value (15)-
but the teachers score s i g n i f i c a n t l y higher than do t h e i r 
students, t h i s implies t h a t both categories of respondent believe 
exam o r i e n t a t i o n t o be important.but the teachers value 
examination o r i e n t a t i o n i n t h e i r pedagogic practice s i g n i f i -
cantly more than t h e i r students. 
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TABLE 8/3. The siv^r.ificance of differences between means for Teachers of Physics and Students of Physics 
! 
N = 33 s 
f}^ = 
0 = 
\' ''s 
t = 
D/x 
1 t a i l t e s t at 
0.05 le v e l of 
significance 
2 t a i l t e s t at 
0.05 le v e l of 
significance 
FACTOR A 21.90 20.03 + 1.87 0.91 + 2.05 
RE3ECT 
n u l l hypothesis 
RE3ECT 
n u l l hypothesis 
FACTOR B 20.95 21.55 - 0.60 1.23 - QA9 
ACCEPT 
n u l l hypothesis 
ACCEPT 
n u l l hypothesis 
FACTOR C 20.53 21.if6 - 0.93 1.11 - O.Sif 
ACCEPT 
n u l l hypothesis 
ACCEPT 
n u l l hypothesis 
FACTOR D 18.53 18.91 - 0,3S - 0.37 
ACCEPT 
n u l l hypothesis 
ACCEPT 
n u l l hypothesis 
Mt = Mean of teacher sample, Ms = Mean of student sample. 
6^  D - Standard error on the difference betv/een nieans. D = Difference between means. 
t = Fishers ' t ' s t a t i s t i c which i s a c r i t i c a l r a t i o (although not a l l CRs are * t ' s ) . 
S t a t i s t i c s i n t h i s table refer to an investigation of the n u l l hypothesis ar i s i n g from research hypothesis 
number one 
On a l l the other f a c t o r s the n u l l hypothesis i s accepted, 
implying t h a t there i s no difference between teachers and 
students i n t h e i r a t t i t u d e s t o these f a c t o r s . Whilst the values 
are by no means s i g n i f i c a n t i t i s i n t e r e s t i n g to comment on an 
apparent trend, contrary t o the r e s u l t a n t i c i p a t e d by the 
o r i g i n a l hypothesis, namely th a t on a l l other f a c t o r s the 
students e x h i b i t a s l i g h t l y more p o s i t i v e a t t i t u d e than do t h e i r 
teachers. 
8.^ . Hypothesis 2. 
"Attit u d e t o physics, measured by the a t t i t u d e t o physics 
inventory t o t a l score i f appropriate (and on each independent 
factor i f composite scoring i s ina p p r o p r i a t e ) , w i l l be more 
po s i t i v e f o r f i r s t year undergraduate students of physics than 
f o r academic teaching s t a f f from d i s c i p l i n e s other than physics." 
The relevant n u l l hypothesis i s as f o l l o w s : -
"The mean score computed from a l l respondents who were f i r s t year 
undergraduate students of physics w i l l not d i f f e r from the mean 
score computed from a l l respondents who were teachers of 
subjects other than physics." 
The arguments sp e c i f i e d i n paragraph 8.3. may be applied to t h i s 
hypothesis w i t h the consequential production of Table 8/^. 
TABLE 8/^ ABOUT HERE 
8.^.1- A subjective consideration of the hypothesis might lead the 
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TABLE 6/^ . The significance of difference between means f o r teachers of dis c i p l i n e s other than physics and 
students of physics. 
% - 33 '^'I'iPO 
( < r ) 
M 
s 
( ^ ) 
D = 
'^'NOP- % 
JD = 
(TMOP 6"S 
^^ MOP ^  '-'s 
t = 
OD 
1 t a i l t e s t at 
.05 le v e l of 
significance 
2 . t a i l t e s t at 
.05 level of 
significance 
F AC 10,1 A 19.32 
(3.73) 
20.02 
(3.59) 
- 0.21 0.53 - 0.36 ACCEPT 
n u l l hypothesis 
ACCEPT 
n u l l hypothesis 
FACTOR B 21.12 
(^!-.0S^; 
21.55 
(^ .^02) 
- 0.-^3 0.60 - 0.72 ACCEPT 
n u l l hypothesis 
ACCEPT 
n u l l hypothesis 
FACTOR C 17.88 
(^.33) 
21.^ 6 - 3.58 0.63 - 5.68 REJECT 
n u l l hypothesis 
REJECT 
n u l l hypothesis 
FACTOR D 17.29 
(^.70) 
16.91 
(t^ .7£f) 
- 1.62 0.65 . 2.A-9 REJECT 
n u l l hypothesis 
REJECT 
n u l l hypothesis 
M 
NOP 
Mean of non-physics teachers. d.f. = (N^ + H,) = £^8. 
Otherwise coded as Table 8/3. 
S t a t i s t i c s i n t h i s table r e l a t e to the n u l l hypothesis ar i s i n g from research hypothesis 2 
= Mean of student sample 
reader to the conclusion t h a t i t states the obvious. As 
teachers of subjects other than physics w i l l e v i d e n t l y have 
chosen not to pursue th a t subject at some time i n t h e i r past, 
one might deduce t h a t such a decision would imply t h a t t h e i r 
a t t i t u d e t o the subject (physics) as measured by the four 
a t t i t u d i n a l f a c t o r s , would be less p o s i t i v e than f o r students 
who had made a choice i n favour of studying the subject. This 
subjective view was found t o be cor r e c t f o r f a c t o r s C and D, 
Thus both i n t r i n s i c motivation t o study physics (C)^and 
pleasure from physics (D)yare more l i k e l y t o be p o s i t i v e 
a t t r i b u t e s of the student of physics than of an academic teacher 
of a subject other than physics. Hov/ever, the data f a i l s to 
r e j e c t the n u l l hypothesis on the f i r s t two f a c t o r s . Therefore, 
although the trend of the"data (the difference between means) 
supports the hypothesis,the s t a t i s t i c a l analysis indicates t h a t 
there i s no difference between f i r s t year undergraduate physics 
students and teachers of subjects other than physics i n t h e i r 
a t t i t u d e towards 'exam o r i e n t a t i o n ' (Factor A - the importance of 
physics teaching as a means t o passing examinations) and 
' p r a c t i c a l o r i e n t a t i o . i ' (Factor B - the importance of the 
p r a c t i c a l aspects or usefulness of physics). 
8.5. riypcthesis 3 
" F i r s t year undergraduate students of physics w i l l be more 
positvely orientated towards the requirements of an examination, 
measured by Factor A of the a t t i t u d e to physics inventory, 
than w i l l teachers of undergraduate physics," 
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The im p l i c a t i o n of t h i s hypothesis i s t h a t students w i l l see 
'overcoming the hurdle' of an examination more important than 
reading physics f o r physics sake. 
The data suggests the contrary view i s correct. Table 8/5 i s 
an extract of the relevant data from table 8/3. 
Table 8/5. A comparison of student and teacher a t t i t u d e s to an 
examination o r i e n t a t i o n i n physics teaching. 
Teacher mean score = 21.90; (TT = 2.85 
Student mean score = 20.03; (Ts = = 3.59 
Difference between means = + 1.87; (TD = = 0.91 
t-score = + 2.05 
I t i s quite clear from the data i n table 8/5 t h a t the teachers, 
not the students, prize examination o r i e n t a t i o n ( w i t h i n the 
teaching of physics) more highly- The students are less 
w i l l i n g to see t h e i r teaching directed p r i n c i p a l l y towards 
examination success than are t h e i r teachers. As w i l l become 
evident i n Chapter 9, t h i s r e s u l t i s contrary t o popular opinion 
amongst those concerned with physics education. 
8.6. Hypothesis 4. 
"Teachers of undergraduate physics w i l l e x h i b i t a more p o s i t i v e 
o r i e n t a t i o n towards p r a c t i c a l work, i n t r i n s i c motivation and 
obtaining pleasure from physics i n s t r u c t i o n , measured by the 
three respective factor s from the a t t i t u d e t o physics inventory, 
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than w i l l f i r s t year undergraduate students of physics." 
The relevant data may be extracted from table 8/3, and i s 
reproduced as table 8/6, 
TABLE 8/6* The difference between the mean scores of teachers 
and students on Factors B, C and 0 of the a t t i t u d e 
to physics inventory. 
Teachers Students Difference 
Mean; fa c t o r B 20.95 21.55 - 0.60 
Mean; factor C 20.53 21.^6 - 0.93 
Mean: factor D 18.53 18.91 - 0.38 
8.6.1- None of the differences between means were found t o be 
s i g n i f i c a n t and so one must conclude that there i s no difference 
between the way i n which students and teachers respond t o these 
three a t t i t u d i n a l factors (B, p r a c t i c a l o r i e n t a t i o n ; C, i n t r i n s i c 
motivation and D, personal pleasure from physics). Although not 
s i g n i f i c a n t , i t should be noted t h a t the trend i n a l l three 
differences was i n the opposite d i r e c t i o n t o tha t hypothesised. 
8.7. Three categories of respondent provided data f o r the research. 
These were f i r s t year undergraduate students of physics 
(re f e r r e d to i n future as 'students'), teachers of f i r s t year 
undergraduate physics ( r e f e r r e d to as physics .teachers) and 
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teachers of undergraduate subjects other than physics (re f e r r e d 
t o as non-physics teachers). As was described i n preceding 
chapters, every respondent's score on each of four a t t i t u d i n a l 
f a c t o r s was recorded, and from these scores sets, or groups, of 
respondents were i d e n t i f i e d as e x h i b i t i n g a s i g n i f i c a n t l y 
p o s i t i v e or negative a t t i t u d e . Twenty-four such sets of 
respondents have therefore been i d e n t i f i e d , i . e . six categories 
of respondent on four facto r s of the a t t i t u d e inventory. The 
remaining hypotheses are concerned w i t h the r e l a t i o n s h i p s 
between these sets or groups of respondent. Table 8/7 
i d e n t i f i e s the respondents numbers included i n each group, 
i d e n t i f i e d by t h e i r code number. 
TABLE 8/7 ABOUT HERE 
8.8.1. Hypothesis 3. 
"There w i l l be a s i g n i f i c a n t difference between the p o s i t i v e 
a t t i t u d e and negative a t t i t u d e respondents of a l l three 
categories, and on a l l four f a c t o r s , i n the way i n which they 
cbrporately perceive and categorise observed teaching acts on 
c r i t e r i a associated with effectiveness of teaching, i d e n t i f i e d 
by a s t a t i s t i c a l comparison of element vectors and su b j e c t i v e l y 
by the respondents verbal constructions associated w i t h the 
p r i n c i p a l components i n the combined construct space of the 
appropriate respondent sub-group." 
8.8.'2p This hypothesis requires twelve comparisons t o be made 
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TABLE 8/7. Membership of comparison groups 
'(The numbers refer to the code numbers printed 
on each respondent's reply package). 
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between the p o s i t i v e and negative sub-groups of each of 3 
categories on ^  a t t i t u d i n a l f a c t o r s . These w i l l be considered 
i n t u r n . F i r s t l y Teachers on Factor A. (Cells A and B of 
Table 8/7). Table 8/8 contains the relevant data. 
TABLE 8/8 ABOUT HERE 
The n u l l hypothesis asserts that there i s no s i g n i f i c a n t 
c o r r e l a t i o n between the groups under comparison and i n order to 
re j e c t t h i s hypothesis the c o r r e l a t i o n has t o exceed +_ 0.75^ 
(at 0.05 l e v e l with (N - 2) degrees of freedom). As t h i s value 
i s not exceeded i n table 8/8 the n u l l hypothesis i s accepted. 
However, trends may bo as important as s t a t i s t i c a l l y s i g n i f i c a n t 
r e l a t i o n s h i p s , but before an i n v e s t i g a t i o n of any apparant 
trends a digression i s required t o consider the s t a t i s t i c s used. 
The INGRID computer analysis package described elsewhere 
normalises a l l scores. Thus when computing a c o r r e l a t i o n 
c o e f f i c i e n t i t i s acceptable t o use Pearson r . (Spearman rho 
could be used with ranked values but Pearson r has been selected 
as i t reduces the number of operations which need to be applied 
to the raw scores). 
To ret u r n t o a discussion on trends i t should be noted t h a t any 
comments must of necessity be subjective i n nature, as 
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TABLE 8/8. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor A (exam o r i e n t a t i o n ) drawn 
from the sample of physics teachers. 
POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR A 
NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR A 
NUMBER OF 
COMPONENTS 
SIGNIFICANT 
1 1 
1. Give reinforcement E x p l i c i t 
CONSTRUCT 
LABELS 
DESCRIBING 
AN EFFECTIVE 
TEACHER 
2. Good a t explanation P r a c t i c a l o r i e n t a t i o n 
3. Good general manner E f f e c t i v e f o r weaker 
students. 
Good spoken 
presentation 
I n t r o v e r t e d 
PEARSON ' r ' 
BETWEEN 
ELD-IENT 
VECTORS 
- 0,626 (Not s i g n i f i c a n t ) 
(This table indicates t h a t there i s no difference between the 
number of components found s i g n i f i c a n t , t h a t a non-significant 
negative c o r r e l a t i o n e x i s t s between element vectors and some 
construct labels used by respondents). 
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s t a t i s t i c a l l y the evidence c l e a r l y states t h a t there are no 
s i g n i f i c a n t r e l a t i o n s h i p s between the sub-groups under 
consideration. 
r 
The s t a t i s t i c a l computations are embellished by a number of 
observations; f i r s t l y f o r each class of respondent one 
component i s found s i g n i f i c a n t . The hypothesis under 
i n v e s t i g a t i o n implies t h a t t h i s w i l l be a d i f f e r e n t component 
fo r each class. This may be checked by considering the common 
element vectors between groups. An element vector locates an 
element somewhere along a component and i f two d i s t i n c t groups 
locate the same elements i n the same positions one may conclude 
th a t the components are i d e n t i c a l . I n t h i s case the c o r r e l a t i o n 
i s negative. Had the value been more negative than - 0,75^ one 
could have concluded t h a t the two components were indeed r e l a t e d , 
one being reversed i n p o l a r i t y to the other, however, that value 
was not exceeded although - 0*626 i s a large c o r r e l a t i o n 
i n d i c a t i n g t h a t there i s a tendency f o r the two groups to 
construe along a s i m i l a r p r i n c i p a l component with one group 
reversing the polari:;y. 
Thus on the evidence presented the substansive hypothesis 
(p^r^r 8.8.1.) proves t o be cor r e c t , the two groups do indeed 
construe e f f e c t i v e teaching quite d i f f e r e n t l y . 
Trying t o i n t e r p r e t construct labels i s a dangerous procedure, 
as i t i s impossible to know what the respondent meant by the 
verbal l a b e l he assigned t o his construct. However, providing 
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t h i s danger i s acknowledged the l i s t i n g of those constructs 
known to best describe the component under consideration often 
provides a powerful, though subjective, reinforcement of the 
mathematical comparison. 
By scanning the construct vectors t o i d e n t i f y those with the 
highest numerical value ( i r r e s p e c t i v e of sign) the four 
constructs most strongly associated with the component may be 
i d e n t i f i e d . The sign then informs the researcher which pole of 
the construct to i d e n t i f y . Having followed t h i s procedure, 
table 8/8 l i s t s the four constructs best describing the p r i n c i p a l 
component f o r each sub-group. The reader has t o attempt the 
impossible task of looking at four phrases (which may or may not 
be in t e r p r e t e d by him i n the same way as the o r i g i n a t o r of the 
construct used the phrase) and tease out an underlying component 
descr i p t i o n ! Impossible though the task r e a l l y i s , there i s 
often an apparent contrast between the two descriptions. The 
author hesitates t o add f u r t h e r confusion by specifying his 
construction of the component descriptions i n t h i s example but 
would suggest, however, that i f the reader chooses t o approach 
the task i t may emerge tha t these two groups are indeed 
construing the common elements along d i f f e r e n t components. 
8.8.3. The process of paragraph 8.8.2. may be repeated f o r the 
second of the twelve comparison groups. Remaining with teachers 
of physics the comparison i s now made on Factor B. (Cells C and 
D). The relevant data are tabulated i n Table 8/9. 
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TABLE 8/9 (a) A comparison between p o s i t i v e nnd negative 
a t t i t u d e respondents on Factor R ( P r a c t i c a l 
bias) drawn from thesample of physics teachers. 
POSITIVE ATTITUDE 
PHYSICS TEACHERS 
OH FACTOR B 
i'lEGATIVE ATTITUDE 
PHYSICS TEACHERS 
OM FACTOR B 
Number of coniponents 
S i g n i f i c a n t 
I 6 
Construct 
labels used by 
respondents 
to describe 
p r i n c i p a l 
component 
1 E f f e c t i v e . f o r weaker students 
See Tabic 8/9 (b) 
2 Match work to students a b i l i t y 
3 Pr a c t i c a l o r i e i i t a t i o n 
if C l a r i t y of d i c t i o n 
Correlation between 
common element 
vectors 
-1- ,75^ ( S i g n i f i c a n t 0.05) 
(This table h i g h l i g h t s a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n 
between the groups specified and a t t i t u d e Factor B) 
:0S 
TABLE 8/9 (b) As six components were s i g n i f i c a n t f o r negative 
a t t i t u d e teachers on Factor B, t h i s t a b l e 
supplements 8/9 (a) 
COMPONENT The four constructs with highest vectors f o r each component. 
1 Reinforcement 
1 2 General manner 
3 A u d i b i l i t y 
^ Use of blackboard 
1 Teachers other subjects i n a d d i t i o n t o physics 
2 
2 Effectiveness 
3 New ideas 
^^  Research i n t e r e s t s 
1 Chalk and t a l k 
3 2 Get down to students l e v e l 
3 Student orientated 
^ Confidence of presentation 
1 Cleanliness of chalk board 
2 Ambition 
3 Theoretical emphasis 
^ Experience as teacher 
1 Entertaining 
5 2 C l a r i t y of drawings 
3 Likeableness 
^ Logical approach 
1 Student involvement 
6 2 Warmth of teacher 
3 C l a r i t y of thoughts 
^^ Personality strength of teacher 
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I n t h i s case the n u l l hypothesis i s c l e a r l y rejected as both 
groups do construe e f f e c t i v e teaching along the same p r i n c i p a l 
components. However, negative a t t i t u d e teachers are f a r more 
discriminating i n c l a s s i f y i n g observed teaching acts^construing 
i n s ix dimensions as opposed t o the unidimensional approach of 
the p o s i t i v e a t t i t u d e teachers on t h i s a t t i t u d e f a c t o r . The 
substansive hypothesis i s therefore not accepted i n t h i s case. 
8*8,^. Moving to Factor C, the physics teacher groups become E and F 
from Table 8/7. The data appears i n Table 8/10. 
TABLE 8/10 ABOUT HERE 
Once again the negative a t t i t u d e teachers construe i n more 
dimensions than do the p o s i t i v e a t t i t u d e teacher^^(3:l) kw^oo-^r, 
there i s no s i g n i f i c a n t r e l a t i o n s h i p between t h e i r construction 
of the f i r s t p r i n c i p a l component^^when the substansive hypothesis 
i s supported. 
8.8.5. The l a s t physics teacher comparison i s between the p o s i t i v e 
and negative a t t i t u d e groups on Factor D (Personal pleasure from 
physiQs) and these respondents are contained i n c e l l s G and H of 
Table 8/7, Table 8/ll contains the comparison data. 
TABLE 8/11 ABOUT HERE 
I n t u i t i v e l y one might expect personal pleasure from physics t o be 
construed most d i f f e r e n t l y by groups e x h i b i t i n g p o s i t i v e and 
negative a t t i t u d e s to t h i s f a c t o r r e s p e c t i v e l y . The data 
210 
TABLE 8/10 (a) A comparison between p o s i t i v e and negative 
a t t i t u d e respondents on Factor C ( I n t r i n s i c 
Motivation) drawn from the sample of physics 
teachers. 
POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR C 
NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR C 
Number of components 
Si g n i f i c a n t 1 
Construct 
labels used by 
respondents 
to describe 
p r i n c i p a l 
component 
1 Match work t o students a b i l i t y 
See Table 8/10 (b) 2 Good 
3 Student orientated 
P r a c t i c a l 
o r i e n t a t i o n 
Correlation between 
common element + .75^ ( S i g n i f i c a n t 0.05) 
vectors 
(This table h i g h l i g h t s a s i g n i f i c a n t p o s i t i v e 
c o r r e l a t i o n between the groups specified and 
a t t i t u d e Factor C) 
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TABLE 8/10 ( b ) . As three components were s i g n i f i c a n t f o r 
negative a t t i t u d e teachers on Factor C, t h i s 
table supplements Table 8/10 ( a ) . 
COMPONENT 
The four constructs w i t h highest 
vectors f o r each component 
1 Students p a r t i c i p a t e 
1 
2 Logical approach 
3 Component 
Ef f e c t i v e reinforcement 
• 1 College 
2 
2 ? 
3 Moves around 
Progressive 
1 Uses questions and answers 
3 
2 Mathematical 
3 Teaching aids 
^• Fair speed 
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TABLE 8/11. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor D (Personal pleasure from 
physics) drawn from the sample of physics teachers. 
POSITIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR D 
NEGATIVE ATTITUDE 
PHYSICS TEACHERS 
ON FACTOR D 
I^umber of components 
S i g n i f i c a n t 
1 1 
1 Clear simple message Good blackboard use 
Construct 
labels used by 
respondents 
to describe 
p r i n c i p a l 
component 
2 Clear d i c t i o n Good subject 
knowledge 
3 -Slow methodical, 
c l e a r l y i l l u s t r a t e d 
Formal approach 
Brash Aggressive 
Correlation between 
common element + 0.0095 (not s i g n i f i c a n t ) 
vectors 
(This table shows t h a t teachers of physics of 
d i f f e r i n g a t t i t u d e s on Factor D construe 
e f f e c t i v e teaching i n unrelated ways). 
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supports t h i s view i n t h a t there i s no c o r r e l a t i o n between the 
f i r s t two components ( r ='0.0095).- The verbal l a b e l s i n d i c a t e 
the kind of d i s t r i b u t i o n which i s made. 
The hypothesis stated i n paragraph 8.8.1. i s therefore 
supported by the data i n a l l but two a t t i t u d i n a l f a c t o r s , B 
and C. • Teachers of physics e x h i b i t i n g a p o s i t i v e a t t i t u d e t o 
each of the remaining two f a c t o r s have a s i g n i f i c a n t l y 
d i f f e r e n t view of what an e f f e c t i v e pedagogic s t y l e w i l l be 
than do t h e i r colleagues e x h i b i t i n g a negative a t t i t u d e -
Thus two hypothetical teachers who have d i f f e r i n g a t t i t u d e s t o 
any one of the two d i f f e r e n t i a t i n g f a c t o r s (examination 
o r i e n t a t i o n or personal pleasure from physics) may believe 
themselves to be e f f e c t i v e because they adopt t h e i r 
a t t i t u d i n a l peer group d e s c r i p t i o n of e f f e c t i v e teaching. 
To the external observer these chosen pedagogic s t y l e s w i l l be 
s i g n i f i c a n t l y ' d i f f e r e n t . (They may, of course, both be 
e f f e c t i v e depending on the perceptions of the students but 
such -concittsroTT^can only be dr^wn a f t e r an i n v e s t i g a t i o n of 
the other hypotheses being considered i n t h i s research.) 
S.9.1, The same hypothesis may now be investigated f o r students^ 
Cells 3 and l( of Table 8/7 i d e n t i f y the appropriate a t t i t u d e 
groups f o r Factor A. Table 8/12 contains the relevant data. 
TABLE 8/12. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor A (Exam o r i e n t a t i o n ) drawn 
from the sample of students. 
POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR A 
NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR A 
Number of components 
S i g n i f i c a n t 
1 5 * 
1 Well q u a l i f i e d Speaks w e l l , sure 
and w e l l planned. 
Construct 
labels used by 
respondents to 
describe 
p r i n c i p a l 
component 
2 Competent i n 
f i e l d 
Good t a l k e r 
3 Puts over a 
reasonable amount 
of information 
Uses 'props' w e l l 
Explains Clear diagrams 
Correlation between 
common element 
vectors 
+ .75^- ( S i g n i f i c a n t 0.05) 
* Unlike his treatment of the teacher sample, the author 
has not l i s t e d constructs used beyond the f i r s t 
component unless more than one component i s s i g n i f i c a n t 
f o r both groups. 
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Clearly the students e x h i b i t i n g d i f f e r i n g a t t i t u d e s t o t h i s 
f actor do construe e f f e c t i v e teaching d i f f e r e n t l y although there 
i s a trend (not s i g n i f i c a n t ) t o suggest th a t some small 
r e l a t i o n s h i p might e x i s t . The verbal labels may help t o 
ind i c a t e , as before, the kind of difference i n perception which 
e x i s t s . As with the teacher groups i t i s the negative a t t i t u d e 
students who have a greater d i s c r i m i n a t i n g capacity (5 s i g n i f i -
cant components as opposed to one) i n d i c a t i n g t h a t they are more 
capable of seeing strengths and weaknesses i n a v a r i e t y of 
pedagogic practice. 
8.9.2. Progressing onward t o Factor B ( p r a c t i c a l o r i e n t a t i o n ) the 
student groups are L and M from Table 8/7. The relevant data i s 
included i n Table 8/13. 
TABLE 8/13 ABOUT HERE 
A c o r r e l a t i o n of - 0.8216 exceeds the c r i t i c a l value f o r 
r e j e c t i o n of the n u l l hypothesis. One may conclude therefore 
t h a t the two groups considered do construe e f f e c t i v e teaching 
along the same component although the negative c o r r e l a t i o n 
indicates that f o r one group the component i s rotated through 
180°. The words used t o describe the components appear t o 
describe the s ame component also, thus strengthening the 
s t a t i s t i c a l evidence. This r e l a t i o n s h i p w h i l s t contrary t o tha t 
anticipated i n the hypothesis under i n v e s t i g a t i o n i s a r e p l i -
cation of the findings obtained from the physics teacher group i n 
paragraph 8,8.3. 
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TABLE 8/13. A comparison between p o s i t i v e and negative 
a t t i t u d e respondents on Factor B ( P r a c t i c a l 
o r i e n t a t i o n ) drawn from the sample of students 
POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR B 
NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR B 
Number of components 
S i g n i f i c a n t 
1 1 
Construct 
labels used by-
respondents t o 
describe 
p r i n c i p a l 
component 
1 Clear teaching Inspires confidence 
2 In t e r e s t i n g 
F'^V 
Seems t o hold g j 
a class y / 
A / 
3 Good presentation Good L explanations ^ / 
- E \ 
Interested i n 
physics f o r i t s 
own sake 
C \ 
Teacher ^ | 
Dy 
Correlation between 
common element - .8216 ( S i g n i f i c a n t r e l a t i o n s h i p 
i f one component reversed) 
vectors 
(This table indicates t h a t students of d i f f e r i n g 
a t t i t u d e s on Factor B ( p r a c t i c a l o r i e n t a t i o n ) , 
construe e f f e c t i v e teaching along a common component 
save that students at opposite poles of the a t t i t u d e 
scale reverse the scale d e s c r i p t i o n s ) . 
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8.9.3. Factor C student groups are i d e n t i f i e d i n Table 8/7 as N and 
P and these are compared i n Table 8/1^. 
TABLE B/lk ABOUT HERE 
Although the n u l l hypothesis cannot be rejected with a* 
co r r e l a t i o n of - .7161 ( i . e . one cannot assert t h a t the 
co r r e l a t i o n i s not zero) the magnitude of the c o r r e l a t i o n i s 
i n d i c a t i v e of a trend. Thus although the hypothesis stated i n 
paragraph 8.8.1. i s confirmed the difference i n construction of 
an e f f e c t i v e teacher by these p a r t i c u l a r groups i s not as great 
as f o r most previous comparisons. The negative sign indicates 
t h a t the tendency t o cor r e l a t e i s between one groups p r i n c i p a l 
component and the other groups p r i n c i p a l component rotated 
through 180°. The subjective appraisal of the construct labels 
once again supports the s t a t i s t i c a l evidence as the words used 
seem to be related although at the same time d i s t i n c t differences 
may be detected. 
8.9.^. The f i n a l comparison f o r the student group i s on Factor D 
(Personal pleasure from physics) between groups Q and R from 
Table 8/7. Table 8/15 contains the relevant data. 
TABLE 8/15 ABOUT HERE 
I n common with the physics teacher sample on Factor C the student 
sample produces a near zero c o r r e l a t i o n . Of a l l four factors 
f o r the student sample the f o u r t h (personal pleasure from 
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TABLE 8/1^. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor C ( I n t r i n s i c motivation) 
drawn from the sample of students. 
POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR C 
NEGATIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR C 
Number of components 
S i g n i f i c a n t 
1 1 
Construct labels 
used by 
respondents to 
describe 
p r i n c i p a l 
component 
1 Down to earth Easy t o l i s t e n to _ 
2 Neat, w e l l sorted 
out and ordered 
Inspires confidence 
3 Speaks c l e a r l y 
and holds 
a t t e n t i o n 
Good presentation 
^^  Logical t h i n k i n g Good approach 
Correlation betweer 
common element 
vector 
1 
- 0.7161 (not s i g n i f i c a n t ) 
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TABLE 8/15. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor D (Personal pleasure from 
physics) drawn from the sample of students. 
POSITIVE ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR D , 
NEGATI\/E ATTITUDE 
PHYSICS STUDENTS 
ON FACTOR D 
Number of components 
S i g n i f i c a n t 
1 I 
Construct labels 
used by 
respondents 
to describe 
p r i n c i p a l 
components 
1 Not too maths 
minded 
Inspires 
confidence 
2 Professional 
teacher 
I n t e r e s t i n g 
3 Puts over a 
reasonable amount 
of information 
Seems t o hold class 
Very i n t e r e s t i n g 
to l i s t e n t o 
Puts over w e l l 
Correlation between 
common element 
vector 
- 0.0650 (not s i g n i f i c a n t ) 
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physics) shows the greatest difference i n perception of what an 
e f f e c t i v e teacher of physics might be l i k e . The hypothesis 
(paragraph 8.8.1.) i s therefore supported by the data from 
physics students f o r 3 of the four f a c t o r s of the a t t i t u d e 
inventory. The one where the hypothesis i s not supported i s 
Factor D ( p r a c t i c a l o r i e n t a t i o n ) where the student samples, i n 
common with the teacher samples, do not d i f f e r e n t i a t e between 
s t y l e s of e f f e c t i v e teaching. 
8.10.1. The t h i r d , and f i n a l , category i s t h a t of non-physics 
teachers. This group was s p e c i f i c a l l y included i n the analysis 
as the elements of the group (teachers of undergraduate subjects 
other than physics) were less l i k e l y to specify d i s c i p l i n e 
r e l a t e d c r i t e r i a of pedagogic effectiveness than were the other 
two groups.. 
The hypothesis of paragraph 8.8.1. i s now investigated f o r t h i s 
category of respondent on each f a c t o r i n t u r n . For Factor A 
groups S and T from Table 8/7 are used t o provide the data i n 
Table 8/16. 
TABLE 8/16 ABOUT HERE 
A c o r r e l a t i o n of + 0.8482 indicates a s i g n i f i c a n t r e l a t i o n s h i p . 
Thus the two non-physics teacher a t t i t u d e groups on Factor A 
perceive an e f f e c t i v e teacher along a common component, the n u l l 
hypothesis i s therefore rejected. 
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TABLE 8/16. A comparison between p o s i t i v e and negative 
a t t i t u d e respondents on Factor A (Exam 
or i e n t a t i o n ) drawn from the sample of non-physics 
teachers 
POSITIVE ATTITUDE 
MON-PHYSICS 
TEACHERS ON 
FACTOR A 
NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR A 
Number of components 
S i g n i f i c a n t 
1 1 
Construct labels 
used by 
respondents to 
describe 
p r i n c i p a l 
components 
1 Good teacher L i b e r a l 
2 Clear presentation Abstract i n 
teaching approach 
3 Class 
p a r t i c i p a t i o n 
e x p l i c i t 
Perceptive 
I n t e r e s t i n g lesson Interested only i n 
exam r e s u l t s 
Correlation between 
common element + 0.8^82 ( S i g n i f i c a n t ) 
vector 
(This table indicates t h a t i r r e s p e c t i v e of a t t i t u d e 
score on Factor A. teachers of d i s c i p l i n e other than 
physics construe e f f e c t i v e physics teaching i n the 
same way) .-
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8.10.2. The non-physics teacher groups f o r comparison on Factor B 
( p r a c t i c a l o r i e n t a t i o n ) are i d e n t i f i e d from Table 8/7 as U and V, 
Table 8/17 l i s t s the relevant data. 
TABLE 8/17 ABOUT HERE 
A near perfect c o r r e l a t i o n c o e f f i c i e n t of + 0.932 indicates t h a t 
f o r non-physics teachers there i s no difference between the 
pos i t i v e and negative scoring groups on Factor B ^ ( p r a c t i c a l 
o r i e n t a t i o n ) i n the way they perceive an e f f e c t i v e physics 
teacher. 
8.10.3. Factor C, i n t r i n s i c motivation, i s the t h i r d f a c t o r f o r 
i n v e s t i g a t i o n . The non-physics teachers c o n s t i t u t e groups W 
and X from Table 8/7. Table 8/18 contains the comparison data. 
TABLE 8/18 ABOUT HERE 
(From Table 8/18 i t w i l l be apparent t h a t once again the 
co r r e l a t i o n i s s i g n i f i c a n t so both a t t i t u d i n a l groups construe 
e f f e c t i v e teaching along a common p r i n c i p a l component). However, 
i t should be noted t h a t the p o s i t i v e a t t i t u d e teachers (on t h i s 
f a c t o r ) are more discriminating than the negative a t t i t u d e 
teachers as 5 rather than 1 i-c^.'cr.trr^ts were found to be s i g n i f i -
cant. 
8.10.^. Factor D, personal pleasure from physics, i s the l a s t 
comparison to be made, i n t h i s case between groups Y and Z i n 
Table 8/7. Table 8/19 contains the relevant data. 
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TABLE 8/18. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor C ( I n t r i n s i c Motivation) 
drawn from the sample of non-physics teachers. 
POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR C 
NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR C 
Number of components 
S i g n i f i c a n t 
5 1 
Construct labels 
used by 
respondents 
to describe 
p r i n c i p a l 
components 
1 Perceptive Use of concrete or p i c t o r i a l material 
2 Establish rapport Interested i n under-standing rather than 
f a c t learning 
• 
3 Li b e r a l Correct teaching speed 
I n t e r e s t i n g to 
l i s t e n to 
Clear enunciation 
Correlation between 
common element 
vector 
+ 0.8775 ( S i g n i f i c a n t ) 
TABLE 8/17. A comparison between p o s i t i v e and negative 
a t t i t u d e respondents on Factor B ( P r a c t i c a l 
o r i e n t a t i o n ) drawn from the sample of non-
physics teachers 
POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR B 
NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON 
FACTOR B 
Number of components 
S i g n i f i c a n t 
1 1 
Construct labels 
used by 
respondents to 
describe 
p r i n c i p a l 
components 
i Perceptive Good teacher 
2 Could e f f e c t 
i n t e r e s t i n 
learning 
Class p a r t i c i p -
a t i o n e x p l i c i t 
3 L i b e r a l Good lesson 
A- Rapport 
established 
Good teaching 
method 
Correlation between 
common element + 0,9321 (si g n i ^ 
vector 
'icant) 
(This table r e p l i c a t e s the fin d i n g s of fable 8/16 
save that the. a t t i t u d e f a c t o r i s changed from A to B) 
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TABLE 8/19. A comparison between p o s i t i v e and negative a t t i t u d e 
respondents on Factor D (Personal pleasure from 
physics) drawn from the samples of non-physics 
teachers 
POSITIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON FACTOR D 
: 1 
NEGATIVE ATTITUDE 
NON-PHYSICS 
TEACHERS ON FACTOR D 
Number of components 
S i g n i f i c a n t 
1 1 
Construct labels 
used by 
respondents t o 
describe 
p r i n c i p a l 
components 
1 Good teacher Clear, l o g i c a l 
explanation 
2 Class p a r t i c i p a t i o n 
e x p l i c i t 
Use of concrete or 
. p i c t o r i a l materials 
3 Good lesson Very i n t e r e s t i n g 
teaching 
Clear presentation Teaching speed 
correct 
Correlation between 
common element + 0.8^39 ( S i g n i f i c a n t ) 
vector 
(Non-physics teachers c l a s s i f i e d as ei t h e r p o s i t i v e l y 
or negatively orientated t o Factor D (Personal pleasure 
from physics) construe e f f e c t i v e teaching along a 
common component). 
8.11. Having considered the twelve comparison groups, some general 
conclusions may be drawn i n r e l a t i o n t o the hypothesis under 
i n v e s t i g a t i o n . 
The hypothesis states t h a t there w i l l be a s i g n i f i c a n t difference 
between the p o s i t i v e a t t i t u d e and negative a t t i t u d e respondents 
of a l l three categories, (physics teachers, students and non-
physics teachers), and on a l l four f a c t o r s , (A: Exam o r i e n t a t i o n ; 
B: p r a c t i c a l o r i e n t a t i o n ; C : I n t r i n s i c Motivation: D:Personal 
pleasure from physics), i n the way i n which they corporately 
perceive and categorise observed teaching acts on c r i t e r i a 
associated with effectiveness of teaching. 
The r e s u l t s may be summarised i n a c o r r e l a t i o n matrix. 
TABLE 8/20 ABOUT HERE 
Table 8/ZO i d e n t i f i e s an i n t e r e s t i n g p a t t e r n . One may conclude 
tha t respondents associated with physics, be they teachers of 
physics or students, w i l l perceive d i f f e r e n t s t y l r j of teaching 
as e f f e c t i v e dependent on t h e i r a t t i t u d e t o the f a c t o r s ; exam 
o r i e n t a t i o n ; i n t r i n s i c motivation; and personal pleasure from 
physics as was hypothesised. However, d i f f e r i n g a t t i t u d e s to 
Factor B ( p r a c t i c a l o r i e n t a t i o n ) does not a l t e r any class of 
respondents perception of an e f f e c t i v e teacher of physics. 
The i m p l i c a t i o n of accepting the hypothesis l i e s i n the region 
of matching teachers perceptions of effectiveness with t h a t of 
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TABLE 8/20. A c o r r e l a t i o n matrix summarising the s i g n i f i c a n t 
relationships i d e n t i f i e d . 
FACTOR 
A 
FACTOR 
B 
FACTOR 
C 
FACTOR 
D 
PHYSICS 
TEACHERS 
SIG. 
STUDENTS SIG. 
NON-PHYSICS 
TEACHERS 
SIG. SIG. SIG. SIG. 
The blank c e l l s indicate regions ivhere the hypothesis was 
supported.whilst the c e i l s indicated by 'SIG' show where the 
two a t t i t u d e groups share common components).' 
(See Paragraph 8.11.) 
228 
t h e i r students. This data does nothing t o in v e s t i g a t e such 
matching (or mismatching) but i t does suggest th a t e i t h e r two 
students, or two teachers e x h i b i t i n g d i f f e r e n t a t t i t u d e s on any 
one of three f a c t o r s w i l l consider quite d i f f e r e n t s t y l e s of 
physics teaching as e f f e c t i v e . Later i n t h i s chapter, teacher/ 
student matchings w i l l be considered. 
The second general conclusion arises from the r e j e c t i o n of the 
hypothesis f o r non-physics teachers across a l l four f a c t o r s . 
The data therefore suggests that i t i s only an awareness of 
•physics curriculum content' which causes d i f f e r i n g a t t i t u d e 
groups t o i d e n t i f y d i f f e r e n t pedagogic s t y l e s as e f f e c t i v e . 
Thirdly Factor B ( p r a c t i c a l o r i e n t a t i o n ) does not d i s t i n g u i s h 
a t t i t u d i n a l groups who perceive e f f e c t i v e teaching of physics 
d i f f e r e n t l y . 
F i n a l l y , with one exception (non-physics teachers on Factor C) 
where a t t i t u d e groups construed e f f e c t i v e teaching i n more than 
one component the more f l e x i b l e component space viaz* always found 
i n respondents who exhibited a negative a t t i t u d e . These 
va r i a t i o n s are not s i g n i f i c a n t i n the s t a t i s t i c a l sense although 
one might subjectively conclude t h a t respondents who have a 
negative a t t i t u d e are more l i k e l y t o e x h i b i t greater d i s c r i m i -
nation when categorising an observed teaching episode than are 
t h e i r colleagues e x h i b i t i n g a p o s i t i v e a t t i t u d e . 
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8.12.1. Hypothesis 6. 
"There w i l l be a greater p o s i t i v e c o r r e l a t i o n between the 
perception and c l a s s i f i c a t i o n of observed teaching episodes by 
teachers of physics and students of physics when respondents 
with s i m i l a r a t t i t u d e s are compared than when d i f f e r i n g a t t i t u d e 
groups are compared." 
I f t h i s hypothesis i s found t o be correct then matching students 
and teachers by a t t i t u d e w i l l ensure common s t a f f - s t u d e n t 
perceptions of e f f e c t i v e teaching. 
The hypothesis may be investigated by est a b l i s h i n g a c o r r e l a t i o n 
matrix containing a l l the relevant data. I n each case the 
co r r e l a t i o n between the common element vectors (from the grids 
of a t t i t u d i n a l groups on each a t t i t u d e f a c t o r ) i s computed. 
A high p o s i t i v e value (+ 0.754) indicates t h a t on the f i r s t 
p r i n c i p a l component the elements (observed teaciting episodes) 
are construed i n a s i m i l a r way, a c o r r e l a t i o n of + 1.0 would 
indicate that the component were i d e n t i c a l f o r each class of 
respondent being compared. The n u l l hypothesis states t h a t 
there i s no s i m i l a r i t y between each pa i r of element vectors 
and t o be rejected at the ,05 l e v e l of s i g n i f i c a n c e , the 
c r i t i c a l value of r (which has t o be exceeded t o r e j e c t the n u l l 
hypothesis) i s 0.75. 
8.12.2- Each f a c t o r may be considered i n t u r n . Thus Factor A 
provides four sets of respondents, p o s i t i v e and negative 
a t t i t u d e teachers and students. A c o r r e l a t i o n matrix can be 
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drawn as i n Table 8/21. 
TABLE 8/21 ABOUT HERE 
One c e l l i n the matrix was found t o contain a value large enough 
t o r e j e c t the n u l l hypothesis. That c e l l compared p o s i t i v e 
a t t i t u d e teachers with negative a t t i t u d e students, both groups 
construe observed teaching acts along a common component ( r = 
+ 0*78). This c l e a r l y opposes the view expressed i n the s i x t h 
hypothesis which anticipated t h a t such a comparison would have 
yielded the lowest c o r r e l a t i o n . No other pattern emerges from 
the matrix. 
The hypothesis under i n v e s t i g a t i o n makes no statement about 
s i m i l a r i t i e s or differences e x i s t i n g only i n the f i r s t component 
and yet the matrix considers only t h i s f i r s t p r i n c i p a l component 
i n making comparisons. One might question the v a l i d i t y of 
conclusions drawn from such data when no check appears to have 
been made t o ensure that s i g n i f i c a n t differences do not e x i s t 
i n lower order components. 
The B a r t l e t t t e s t has been used t o i d e n t i f y how many components 
are s i g n i f i c a n t at the .05 l e v e l of sig n i f i c a n c e and where :-c:r-
than one component i s s i g n i f i c a n t f o r both comparison groups the 
element vectors across a l l s i g n i f i c a n t components are compared. 
I n Table 8/21 only one component was s i g n i f i c a n t f o r each 
comparison pair and so any re l a t i o n s h i p s e x i s t i n g i n lower order 
components could not be s i g n i f i c a n t at the 0.05 l e v e l . However, 
to t e s t t h i s two specimen groups of respondents were chosen at 
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TABLE 8/21> Factor A, exam o r i e n t a t i o n , a comparison of 
teachers and students ( c l a s s i f i e d by a t t i t u d e t o 
t h i s f a c t o r ) , perception ancj^ c l a s s i f i c a t i o n of 
observed teaching episodes. 
A B C D 
Positive a t t i t u d e 
teachers 
A 1.0 - 0.01 
X / 
+ 0.78* 
Positive a t t i t u d e 
• students 
B 1.0 - .51 
Negative a t t i t u d e 
teachers 
C 1.0 
Negative a t t i t u d e 
students 
D 1.0 
(Note:- c e l l s x and y have been investigated under 
a separate hypothesis). 
random from Table ( a c t u a l l y B vs C) and c o r r e l a t i o n s 
between the f i r s t s i x components computed. Tliese c o r r e l a t i o n s 
may be weighted by the Eigen value and t h e i r e f f e c t on the 
computed valae a s c e r t a i n e d . Such a process e f f e c t e d t h e 
c o r r e l a t i o n entered i n Table 6/21 by l e s s ' t h a n 2% a l t h o u g h 
unweighted c o r r e l a t i o n s exceeded t he value coriiputed i n the f i r s t 
component on some lower order components. This process cannot 
guarantee t h a t some r e l a t i o n s h i p does not e x i s t i n dimensions 
unmapped, but i t does ensure t i i a t any s i g n i f i c a n t r e l a t i o n s h i p 
e x i s t i n g i n mapped dimensions w i l l emerge. 
I n summary one can c i t e an example. I f nc:gative a t t i t u d e 
physics teacnc^rs on Factor C were compared ',vit!"t p o s i t i v e a t t i t u d e 
non-physic:3 teachers on the same f a c t o r ^ , t i i r e e coniponents would 
be compared^ because f o r the former group tl"rfee components were 
s i g n i f i c a n t and f o r the l a t t e r f i v e components v,-re s x - j n i f i c a n t , 
Repeating the e x e r c i s e d e s c r i b e d e a r l i e r i n t h i s paracjraph f o r 
t h a t group, s i g n i f i c a n t r e l a t i o n s h i p s may t.^ e i d e n t i f i e d i n the 
2nd. and 3rd. components alth.ougli no s i g n i f i c a n t r e l a t . i o n s h l p i s 
e v i d e n t i n the f i r s t . The g e n e r a l r u l e a p p l i e d throughout t h e 
research t h e r e f o r e i s t o c o n s i d e r j f o r comparative purposes, the 
hig h e s t nuinber of components found s i g n i f i c a n t by t h e B a r t l e t t 
te r . t common t o both coii^parative groups. 
The ex e r c i n e of paragraph 8.12,2. may be repeated w i t h Factors 
B, C and D, the data f o r which i s t a b u l a t e d i n Tallies 8/22; 
8/23 and 3/2^ r e s p e c t i v e l y . 
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TABLE 8/22. Factor B, p r a c t i c a l o r i e n t a t i o n . A comparison of 
teachers and students ( c l a s s i f i e d by a t t i t u d e to 
t h i s f a c t o r ) perception and c l a s s i f i c a t i o n of 
observed teaching episodes 
A B C D 
Positive a t t i t u d e teachers A 1.0 + .53 X - .17 
Positive a t t i t u d e students B 1.0 + .90* y 
Negative a t t i t u d e teachers C 1.0 , - .57 
Negative a t t i t u d e students D 1,0 
(Note:- c e l l s x and y are considered i n a separate hypothesis) 
TABLE 8/23. Factor C, I n t r i n s i c motivation. A comparison of 
teachers and stjdents ( c l a s s i f i e d by t h e i r a t t i t u d e to 
t h i s f a c l o r ) perception and c l a s s i f i c a t i o n of 
observed teaching episodes. 
A B C D 
Positive a t t i t u d e teachers A 1.0 + .25 X - .35 
Positive a t t i t u d e students B 1.0 - .89* y 
Negative a t t i t u d e teachers C 1.0 + .80* 
Negative a t t i t u d e students D 1.0 
(Note:- c e l l s x and y are considered i n a separate hypothesis) 
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TABLE 8/2^. Factor D; Personal pleasure from physics. 
A comparison of teachers and students ( c l a s s i f i e d 
bv t h e i r a t t i t u d e to t h i s f a c t o r ) perception 
and c l a s s i f i c a t i o n of observed teaching episodes. 
A B c D 
Positive a t t i t u d e teachers A 1.0 - .10 X - .29 
Positive a t t i t u d e students B 1.0 + .77* y 
Negative attitude-teachers C 1.0 + .01 
Negative a t t i t u d e students D 1.0 
(Note:- c e l l s x and y are considered under a separate hypothesis) 
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8.12.?f. The s i g n i f i c a n t r e l a t i o n s h i p s are asterisked i n Tables 8/21 
to 8/24 respectively. They are 
Exam o r i e n t a t i o n : Positive a t t i t u d e teachers) 
) 
Negative a t t i t u d e students) 
P r a c t i c a l o r i e n t a t i o n : Positive a t t i t u d e students) 
. . . . . ) 
Negative a t t i t u d e teachers) 
I n t r i n s i c motivation: Positive a t t i t u d e students) 
) 
Negative a t t i t u d e teachers) 
Negative a t t i t u d e teachers) 
) 
Negative a t t i t u d e students) 
Personal pleasure 
from Physics: Pos i t i v e a t t i t u d e students) 
. . . . ) 
Negative a t t i t u d e teachers) 
I t should be noted t h a t the sign of the c o r r e l a t i o n i s 
i r r e l e v a n t f o r t h i s consideration^ as a negative .-^orrelciticn 
indicates a p o s i t i v e r e l a t i o n s h i p between the components with 
the p o l a r i t y of one reversed; i n other words the same 
component i s being used although i t s o r i e n t a t i o n i n construct 
space i s reversed» 
Three general observations may be made from the data. F i r s t l y 
w i t h one exception (Teachers and Students, both with a negative 
a t t i t u d e t o the i n t r i n s i c motivation f a c t o r ) a l l the 
s i g n i f i c a n t r e l a t i o n s h i p s show the hypothesis t o be f a l s e . 
There i s , i n other words, no guarantee th a t students and teachers 
who e x h i b i t a common a t t i t u d e score on a l l f a c t o r s except 
i n t r i n s i c motivation, w i l l perceive an e f f e c t i v e teaching s t y l e 
i n a common way. 
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Secondly the data provides evidence t o suggest t h a t the contrary 
view to that expressed i n the hypotheses i s the case, namely^ 
teachers and students who e x h i b i t opposing a t t i t u d e s are more 
l i k e l y to perceive an e f f e c t i v e teaching s t y l e i n a common way. 
Such was the case i n four of f i v e s i g n i f i c a n t r e l a t i o n s h i p s . 
T h i r d l y , the emergence of one c e l l ( p o s i t i v e a t t i t u d e students, 
negative a t t i t u d e teachers) as containing a s i g n i f i c a n t 
r e l a t i o n s h i p i n three of the four a t t i t u d i n a l f a c t o r s . Thus 
students who e x h i b i t a p o s i t i v e a t t i t u d e to a p r a c t i c a l 
o r i e n t a t i o n i n physics i n s t r u c t i o n , e x h i b i t a p o s i t i v e score on 
the i n t r i n s i c motivation f a c t o r or score p o s i t i v e l y on the 
personal pleasure from physics score are most l i k e l y t o describe 
an e f f e c t i v e teacher of physics i n the same way as a teacher who 
exh i b i t s a negative score on any, o r ^ a l l , of these f a c t o r s . 
The commonality of perception might become more ::vident i f the 
construct labels used t o describe the components w^re l i s t e d . 
Thus, with the same reservations as previously noted the author 
has specified the s i x constructs from each which most closely 
describe the component compared. This information i s included 
i n Table 8/25. 
TABLE 8/25 ABOUT HERE 
So although the two groups e x h i b i t quite opposite a t t i t u d e s a 
subjective look at the constructs used tends t o support the 
s t a t i s t i c a l evidence recorded. I t would be a brave reader who 
attempted t o specify why such a r e s u l t may have been obtained. 
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TABLE 8/25. The words used by p o s i t i v e a t t i t u d e students and 
negative a t t i t u d e teachers (Factors C and D) which 
best describe t h e i r common component. 
Positive a t t i t u d e students Negative a t t i t u d e students 
Clear teaching Reinforcement 
I n t e r e s t i n g General manner 
Down to earth Students p a r t i c i p a t e 
Neat, w e l l sorted out and ordered Logical approach 
Not too maths minded Good blackboard use 
Professional teacher Good subject knowledge 
The r e s u l t i s contrary t o popular opinion amongst teachers of 
physics, but i n informal discussion w i t h such persons several 
explanations have been postulated. Of the range of suggestions, 
the one most often c i t e d hypothesises^that a student w i t h a 
po s i t i v e a t t i t u d e on these three f a c t o r s ^ i s more l i k e l y to seek, 
as i d e a l , a pedagogic s t y l e which maximises learning and 
enjoyment without pressures imposed by examination c u r r i c u l a . 
Teachers who e x h i b i t a negative a t t i t u d e may recognise t h e i r 
personal a t t i t u d e and perceive an i d e a l pedagogic s t y l e i n a 
s i m i l a r manner because of t h e i r own awareness of t h e i r own chosen 
teaching s t y l e . Some evidence i s available t o support t h i s view 
as more teachers i n these categories perceive themselves as 
'i n e f f e c t i v e * than do teachers i n any other class. (This data 
i s accessed by looking a t the i n d i v i d u a l INGRID analysis f o r each 
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teacher i n the group and comparing the 'self* pedagogic s t y l e 
with both 'ideal e f f e c t i v e ' and 'ideal i n e f f e c t i v e . ' The 
' s e l f may be placed on an e f f e c t i v e - i n e f f e c t i v e continuum and 
these teachers are generally found t o place themselves nearer 
the ' i n e f f e c t i v e ' end). The preceding discussion extends 
beyond the framework of the hypothesis which i s c l e a r l y r e j e c t e d , 
but was included f o r two reasons, f i r s t l y t o suggest t o p o t e n t i a l 
readers the p o s s i b i l i t y of exploring the p r e d i c t i v e nature of the 
instrument^ and secondly t o h i g h l i g h t the f a c t that the observed 
rela t i o n s h i p s do not imply th a t negative a t t i t u d e teachers w i l l 
e x h i b i t the teaching s t y l e they proclaim t o be most e f f e c t i v e . 
8.13-1. Hypothesis 7-
I n the discussion of hypothesis f i v e , the author suggested t h a t 
both students and teachers of physics might tend t o use c r i t e r i a 
associated with th'j d i s c i p l i n e of physics when appraising a 
teaching experience. Such c r i t e r i a would be outside the range 
of convenience ( t o use Kelly's term) f o r teachers other than of 
physics and so t h e i r c r i t e r i a are more l i k e l y t o be d i s c i p l i n e 
f r e e , and associated with the pedagogic content. This seventh 
hypothesis attempts t o in v e s t i g a t e these c r i t e r i a by these 
groups and, i f supported, by the data, w i l l confirm the 
subjective observations made by lUe author i n his discussion of 
hypothesis 5. 
The hypothesis i s : "The corporate perceptions and categoris-
ations of observed teaching episodes, against e f f e c t i v e teaching 
c r i t e r i a , by each cf the classes of respondent w i l l show greater 
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s i m i l a r i t y between students of physics and teachers of physics, 
than any s i m i l a r i t y between any other two groups. The 
comparison w i l l be made o b j e c t i v e l y as i n hypothesis 5, using 
common element vectors, and where s i g n i f i c a n t r e l a t i o n s h i p s are 
seen t o e x i s t , by subjectively l i s t i n g construct labels as used 
by each class of respondent re s p e c t i v e l y . " 
As respondents e x h i b i t i n g d i f f e r i n g a t t i t u d e s to each of the 
four a t t i t u d e f a c t o r s have already been shown to have d i f f e r i n g 
perceptions of e f f e c t i v e teaching, the analysis must be 
repl i c a t e d f o r each of the eight a t t i t u d e groups. Table 8/26 
records the co r r e l a t i o n s ^ The hypothesis, i f i t i s c o r r e c t , 
asserts t h a t the c o r r e l a t i o n s i n column 1 w i l l exceed those 
elsewhere i n the table . 
TABLE S/26 ABOUT HERE 
A sui t a b l e n u l l hypothesis would be t h a t there i s no difference 
between the columns of table 8/26. I n order t o inve s t i g a t e the 
n u l l hypothesis the columns of table 8/26 may be compared using 
Fishers t formula .... 
2 2 
^1 ^ ^ 2 
N.(N^ - 1) 
2^0 
TABLE 8/26. A table of co r r e l a t i o n s between Physics Teachers, 
Students and Mon-Physics Teachers across a l l 
a t t i t u d e factors and groups 
Physics 
Teachers 
vs 
Physics 
Students 
Physics 
Teachers 
vs 
Non-Physics 
Teachers 
Physics 
Students 
vs 
Non-Physics 
Teachers 
Column 1 Column 2 
• ——' 
Column 3 
Factor A 
Exam 
Orientation 
+ - .01 - ,68 - .32 
- - .66 + .88* - .-.SS* 
Factor B 
Pr a c t i c a l 
Orientation 
+ + .53 + .71 + .83* 
- - .57 + .70 . .58 
Factor C 
I n t r i n s i c 
Motivation 
+ + .25 - .62 - .39 
- + .80* + o56 + .71 
Factor D 
Personal 
Pleasure 
from Physics 
+ - .10 - .72 + .19 
- + .01 - .16 + Jv9 
(Note: f o r the hypothesis t o be supported, the 
co r r e l a t i o n i n column 1 w i l l exceed those i n 
other columns f o r each row). 
2^1 
where 
= mean of one d i s t r i b u t i o n 
= mean of second d i s t r i b u t i o n 
= sum of *deviations squared' from the mean 
= sample size 
I t should be noted t h a t the fi g u r e s being compared are 
c o r r e l a t i o n c o e f f i c i e n t s and the mean of two or more c o r r e l a t i o n 
c o e f f i c i e n t s i s i t s e l f not a c o r r e l a t i o n , t h i s does not preclude 
the use of the Fisher t s t a t i s t i c as the n u l l hypothesis assumes 
no difference between columns i n ta b l e 8/26 i n other terms i t i s 
concerned with the consistency of differences between the 
i n d i v i d u a l c o r r e l a t i o n s . The sign of the c o r r e l a t i o n i s also 
of l i t t l e importance as a c o r r e l a t i o n of - 1.0 would imply 
perfect matching of respondents components but with one group 
reversing the p o l a r i t y . This research i s concerned w i t h 
s i m i l a r i t i e s i n construing common events not with the way those 
systems of construction are applied and so a high negative 
c o r r e l a t i o n i s equivalent t o a high p o s i t i v e c o r r e l a t i o n with 
respect to the hypothesis under i n v e s t i g a t i o n . 
The t s t a t i s t i c was chosen by the author rather than Z or any 
otlier a l t e r n a t i v e because of i t s r e l a t i v e independence of 
kurtosis^and i t s a c c e p t a b i l i t y f o r small samples. As with a l l 
other computations the l e v e l of si g n i f i c a n c e i n t h i s case was 
the 5% l e v e l . 
Table 8/27 contains the r e s u l t s of the c a l c u l a t i o n s . 
2k2 
TABLE 8/27. The r e s u l t s of a comparison between the columns of 
Table 8/26. 
I'lean Standard deviation 
rish( 
othei 
sr t with 
c groups 
Column 1 
Physics Teachers 
vs 
Physics Students 
.31 
2 2.12 * 
3 1.^8 
Column 2 
Physics Teachers 
vs 
Non-Physics Teachers 
.72 .21 
1 2.12 ^ 
3 0.6^ 
Column 3 
Physics Students 
vs 
Non-Physics Teachers -
.63 .25 
1 1.^ 8^ 
2 
. 
0.6^ 
The n u l l hypothesis i s rejected i n the 
c e l l s asterisked. 
2if3 
8.13.2, A consideration of tables 8/26 and 8/27 i s q u i t e revealing 
i n r e l a t i o n t o the seventh hypothesis as specified i n 
paragraph 8.13.1. 
F i r s t l y , very few of the c o r r e l a t i o n s i n table 8/26 are 
s i g n i f i c a n t , i n f a c t only four from the 2k c e l l s . However, 
• with the exception of one l i n e a l l the c o r r e l a t i o n s i n column 2 
are greater than those i n column 1^indicating t h a t physics 
teachers and teachers other than of physics tend to construe 
e f f e c t i v e teaching i n the same way more often than do physics 
teachers and physics students. The same could be said of the 
comparison of column 3 with column 1 where the same observation 
can be made, f o r i n t h i s case too a l l but one c o r r e l a t i o n i s 
greater i n column 3. There i s no such trend evident between 
columns 2 and 3 where no regular pattern emerges. The contents 
of table 8/27 enable these casual observations t v be q u a n t i f i e d . 
The n u l l hypothesis i s rejected by the r e l a t i o n s h i p between 
columns 1 and 2. I n other words teachers (whether they be of 
physics or of another d i s c i p l i n e ) do construe e f f e c t i v e teaching 
i n common terms s i g n i f i c a n t l y more often than do p h y s i c i s t s 
(whether they be students of physics or teachers of physics). 
Furthermore, although the r e l a t i o n s h i p i s not s i g n i f i c a n t , 
physics students tend t o construe i n terms more frequently 
associated with non-physics teachers than they do w i t h physics 
teachers. 
Some caution needs t o be exercised i n accepting these comments 
as the sample of data from which the conclusions were drawn 
2^fif 
includes respondents with e i t h e r strong p o s i t i v e or strong 
negative a t t i t u d e s on the four a t t i t u d e inventory f a c t o r s . 
I t d id not include those with n e u t r a l , or undecided a t t i t u d e s 
However, the kinds of construct labels used appear t o be 
independent of a t t i t u d e as w i l l become evident from a perusal 
of table 8/28. 
TABLE 8/28 ABOUT HERE 
Although many of the construct labels l i s t e d i n table 8/28 arise 
from the grids of negative a t t i t u d e respondents even the most 
discerning reader would f i n d i t d i f f i c u l t to i d e n t i f y which 
should be a t t r i b u t e d to the negative respondents. Given t h a t 
the mathematical analysis confirms t h a t the l i s t s i n table 8/28 
describe a common component w i t h b e t t e r than 80% overlap an 
i n t e r e s t i n g exercise might be t o re-order the construct labels 
from the two columns to form the best common de s c r i p t i o n . The 
author has refrained from i n c l u d i n g his attempt at t h i s task,as 
any such record would i l l u s t r a t e the imposition of h i s 
i n t e r p r e t a t i o n of the construct labels which may be d i f f e r e n t t o 
that intended by t h e i r originators,and indeed d i f f e r e n t t o t h a t 
of any reader. . . 
.8.13.3. The hypothesis under i n v e s t i g a t i o n i s c l e a r l y i n c o r r e c t i n 
i t s assertion. Not only do the students and teachers of 
physics f a i l t o construe e f f e c t i v e teaching along common 
2^5 
TABLE 8/28> A comparison of construct labels used by respondents 
i n columns 1 and 2 (Table 8/26) t o describe t h e i r 
common components 
Note:- Construct labels are only drawn from respondents w i t h i n 
c e l l s i d e n t i f i e d as containing s i g n i f i c a n t r e l a t i o n s h i p s 
i n Table 8/26. 
COLUMN 1 COLUMN 2 
Students p a r t i c i p a t e E x p l i c i t 
ch
er
s 
L ogical approach P r a c t i c a l o r i e n t a t i o n 
si
cs
 Te
a 
Competent Ef f e c t i v e f o r weaker 
students 
>. 
E f f e c t i v e 
reinforcement 
Intr o v e r t e d 
CO 
Easy t o l i s t e n to Li b e r a l 
tu
de
nt
s 
Te
ac
he
r 
I n spires confidence Abstract i n teaching 
approach 
CO 
hy
si
cs
 
si
cs
 
hy
si
cs
 
Good presentation Perceptive 
>. 
SI 
D_ 1 
C o 
•2L 
Good approach Interested only i n exam 
r e s u l t s 
7AG 
dimensions but there i s a s i g n i f i c a n t l y more frequent r e l a t i o n -
ship between the way teachers of physics and teachers of 
d i s c i p l i n e s other than physics construe e f f e c t i v e teaching. 
The i m p l i c a t i o n of such a r e s u l t may be i l l u s t r a t e d by an 
example. I f a physics student, a physics teacher and non-
physics teacher a l l observed and assessed a teacher of physics 
'i n action,* the framework of appraisal used by the l a t t e r two 
observers would be more a l i k e than e i t h e r framework when 
compared t o that of the student observer. I n simple terms 
students and teachers see e f f e c t i v e teaching i n quite d i f f e r e n t 
ways p 
8.14. Hypothesis 8 
There i s evidence from learning theory t o suggest t h a t learning 
occurs more e f f e c t i v e l y when the learner and the teacher share 
common objectives, aJso the author has evidence to suggest t h a t 
learning i s more e f f i c i e n t when the learner and the teacher 
share common perceptions of what pedagogy const i t u t e s an 
e f f e c t i v e teaching s t y l e (Keen and Hopwood 1977). I t i s usual 
i n Great B r i t a i n to divide a year intake (of say 60 students) 
i n t o learning groups of common a b i l i t y (say three groups of 20 
determined on some c r i t e r i a of pci-otsived academic p o t e n t i a l -
Keen and Reid 1977) and mixed a t t i t u d e . 
I f , as the author suggests, perceptions of e f f e c t i v e teaching 
styles are related t o a student's a t t i t u d e , rather than a b i l i t y , 
then learning might be improved by d i v i d i n g the year intake i n t o 
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common a t t i t u d e , mixed a b i l i t y groups. This hypothesis aims t o 
explore the v a l i d i t y of such a strategy. 
The hypothesis i s .... " F i r s t year undergraduate students of 
physics formed i n t o groups by t h e i r score on each component 
fac t o r w i t h i n the a t t i t u d e t o physics inventory^(four factors) 
w i l l e x h i b i t a commonality of perception, when categorising 
observed teaching episodes against pedagogic effectiveness 
c r i t e r i a , between common a t t i t u d e groups across f a c t o r s to a 
greater extent than between d i f f e r i n g a t t i t u d e groups w i t h i n 
f a c t o r s . " 
The evidence, extracted from the data l i s t e d i n tables 8/29 
and 8/30. 
TABLES 8/29 & 8/30 ABOUT HERE 
An a p p l i c a t i o n of the ' t ' s t a t i s t i c i s of dubious v a l i d i t y (due 
to high S.D.) but su:;h an attempt produces a t value of lAl 
which i s not s i g n i f i c a n t at the ,05 l e v e l . Thus a n u l l 
hypothesis s t a t i n g t h a t there i s no difference between the data 
i n tables 8/29 and 8/30 f a i l s t o be re j e c t e d . However, a 
casual glance at the data i s s u f f i c i e n t to note th a t 75% of the 
same a t t i t u d e groups do correlate s i g n i f i c a n t l y w h i l s t only 25% 
of the mixed a t t i t u d e groups c o r r e l a t e s i g n i f i c a n t l y . The high 
standard deviations arise from extraordinary d i s t r i b u t i o n s of 
re s u l t s as i s shown i n Fig. 8/1. 
TABLE 8/29. Correlations between d i f f e r i n g student a t t i t u d e 
groups w i t h i n f a c t o r s of the a t t i t u d e inventory 
Student a t t i t u d e 
groups compared 
Correlation 
c o e f f i c i e n t (Pearson r ) 
A+ with A- + .51 
B+ with B- - .82 * 
C+ with C- - .72 
D+ with D- - .07 
Mean .53 
Standard deviation .33 
* S i g n i f i c a n t a t .05 l e v e l 
2^9 
TABLE 8/30. Correlations between common student a t t i t u d e 
groups between factors of the a t t i t u d e inventory 
Student groups compared Correlation C o e f f i c i e n t (Pearson r ) 
A+ with B+ + .36 
A+ with C+ - .11 
A+ with D+ - -.83 * 
A- with B- - .92 * 
A- with C- - .95 * 
A- with D- - .6k * 
B+ with C+ + .81 * 
B+ with D+ + . l i f 
B- with C- + .95 
B- with D- + .95 * 
C+ with D+ + .63 
C- with D- + .87 * 
Mean =0.70 
S.D. = 0.32 
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So although i t i s not possible t o specify s t a t i s t i c a l evidence to 
support the hypothesis under i n v e s t i g a t i o n , i t would appear t h a t 
f o r most respondents the view expressed i n the hypothesis i s 
correct, namely, th a t mixed a b i l i t y common a t t i t u d e groups are 
more l i k e l y t o have an 'agreed* common idea of what co n s t i t u t e s 
e f f e c t i v e teaching than are common a b i l i t y mixed a t t i t u d e groups. 
At the time of w r i t i n g there i s no i n s t i t u t e of f u r t h e r or higher 
education using such a strategy^but mixed a b i l i t y teaching i s 
often encouraged i n the secondary sector of education i n Great 
B r i t a i n . I t would be i n t e r e s t i n g to r e p l i c a t e t h i s p a r t i c u l a r 
part of t h i s study i n such i n s t i t u t i o n s by ' s e t t i n g ' the mixed 
a b i l i t y groups by t h e i r a t t i t u d e and attempting t o evaluate any 
improvement i n learning e f f i c i e n c y . 
8.15-1. I n the discussion of repertory grids i n e a r l i e r chapters, an 
example was given of a uni-dimensional component space (Fred) and 
a two dimensional component space. I f a hypothetical respondent 
used X constructs i n a g r i d of y elements and each construct was 
independent, then he would be construing i n (x-1) dimensions i f 
X ^ y , or (y-1) dimensions i f x ^  y. (Slater 1977), One might 
say that a person who construes i n a higher number of components 
ex h i b i t s a greater 'acceptance range' of f o r the elements under 
concidcration. I n normal parlar.ce the uni7dimensional (one-
component) respondent might be said t o have a "one-track mind." 
This ninth hypothesis i s concerned with the acceptance range of 
classes of respondent and suggests that i t i s more l i k e l y f o r 
cer t a i n classes of respondent t o e x h i b i t more dimensions of 
construction. Measuring t h i s i s d i f f i c u l t . The B a r t l e t t t e s t 
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(Slater 1977) computes chi-squared values from the Eigen values 
and determines the number of components s i g n i f i c a n t a t the ,05 
l e v e l of s i g n i f i c a n c e . Such a technique i s looking a t the rat e 
of change of slope of the Eigen value graph, as such i t might 
c l a s s i f y as i n s i g n i f i c a n t , numbers of components clo s e l y 
associated with one another merely because a big drop i n Eigen 
value occured between the f i r s t component and the secondary 
group. Thus w h i l s t one can be f a i r l y c e r t a i n ^ t h a t i f the 
B a r t l e t t t e s t i d e n t i f i e s x components as s i g n i f i c a n t they 
are indeed significant^one cannot be so c e r t a i n t h a t other 
components, as yet unmapped, are not themselves s i g n i f i c a n t . 
To overcome t h i s d i f f i c u l t y the author chose t o ignore the 
B a r t l e t t t e s t i n measuring »acceptance range* and instead took 
the p r o f i l e of the Eigen value graph. The rate of decline of 
which w i l l be less when the acceptance range i s greater. 
Having looked at the general problem and determined a way of 
measuring i t the hypothesis may be stated. 
8.15.2. Hypothesis 9. 
"Positive a t t i t u d e respondents from each component f a c t o r , w i l l 
e x h i b i t a greater 'acceptance range' measured by a lower rate of 
decline of Eigen values generated from a p r i n c i p a l component 
sr.alysis of the respondents grids with common element samples, 
than w i l l the negative a t t i t u d e comparison group." 
There being four f a c t o r s and three classes of respondent, 
twelve graphs may be drawn. These are included as Figures 
8/2 to 8/13 i n c l u s i v e . 
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FIGURE 8/2. Factor A, Positive vs Negative Physics Teacher; 
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Component number 
Z 3 k 
to 
> 
c Q o> •H LU 
O 
>> s 
G) Q 
KEY: 
Positive a t t i t u d e respondents 
Negative a t t i t u d e respondents 
255 
FIGURE 8/^. Factor A. Positive vs Negative Non-Physics Teachers 
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FIGURE 8/5. Factor B, Positive vs Negative Physics Teachers 
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FIGURE 8/6, Factor B, Positive vs Negative Physics Students 
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FIGURE 8/7. Factor B, Positive vs Negative Non-Physics 
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FIGURE 8/8. Factor C, Positive vs Negative Physics Teachers 
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FIGURE 8/9. Factor C, Positive vs Negative Physics Students 
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FIGURE 8/10. Factor C, Positive vs Negative 
Non-Phvsics Teachers 
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FIGURE 8/11. Factor D, Positive vs Negative Physics Teachers 
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FIGURE 8/12. Factor D, Positive vs Negative Physics Students 
Component number 
> 
c 
o 
O 
>. 
o 
o 
KEY: 
Positive a t t i t u d e respondents 
^ Negative a t t i t u d e respondents 
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8.15-3. A divergence between the l i n e s of the graphs indicates 
d i f f e r i n g acceptance ranges w h i l s t the absolute slope i s a 
measure of the acceptance range, A steep slope to a graph 
suggests low acceptance range ( i . e . a tendency t o "one-track 
mindedness") w h i l s t a near h o r i z o n t a l l i n e indicates a strong 
a b i l i t y t o perceive strengths and weaknesses i n a v a r i e t y of 
pedagogic styles c l a s s i f i e d by a multi-dimensional framework. 
Fig. 8/11 i s an example of a great difference i n acceptance 
range and here the po s i t i v e group are much less able t o construe 
c l e a r l y i n as many dimensions as the negatively orientated group. 
Figs. 8/5, 10 and 11 ind i c a t e the negative respondents have a 
greater acceptance range. Figs» 8/2, 6, 12 and 13 in d i c a t e the 
po s i t i v e respondents have a greater acceptance range and 
Figs. 8/3, ^ , 7, 8 and 9 show no r e a l difference. Even a 
cursory and subjective consideration of the data i s s u f f i c i e n t t o 
enable one t o conclude th a t there i s no regular pattern emerging. 
I n some cases (8/2, 6; 12 and 13) the data supports the 
"hypothesis, w h i l s t i n others (8/5, 10 and 11) the data r e j e c t s the 
hypothesis. From the data available one must conclude th a t 
there i s no apparent r e l a t i o n s h i p between a t t i t u d e t o any fac t o r 
of the a t t i t u d e inventory and acceptance range as defined. 
However, some i n t e r e s t i n g observations may be made. Where 
divergence does occur on the graphs i t occurs almost always i n 
the early components, thus w h i l s t many classes of respondent do 
not d i f f e r g r e a t l y i n the lower order components, many do d i f f e r 
considerably i n the f i r s t 2 or 3. There are other apparent 
patterns but these w i l l be discussed i n paragraph 8.16. when 
hypothesis 10 i s being considered. 
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8.16.1. Hypothesis ten considers the acceptance range of physics 
teachers, students and non-physics teachers and suggests that 
the acceptance range w i l l diminish from group to group i n the 
order s p e c i f i e d ^ i r r e s p e c t i v e of a t t i t u d e . 
Hypothesis 10. 
"Teachers of undergraduate physics w i l l e x h i b i t a greater 
'acceptance range* (as measured i n the i n v e s t i g a t i o n o f 
hypothesis 9) than w i l l the student category of respondents, who 
w i l l themselves e x h i b i t a greater acceptance range than teachers 
of subjects other than physics." 
I f supported, t h i s hypothesis implies t h a t i f a member of each 
category of respondent were asked t o view and assess the 
effectiveness of a number of episodes of physics teaching, the 
physics teachers wo.jld e x h i b i t the greatest awareness of a 
range of d i f f e r e n t ways of being e f f e c t i v e than would the 
students, who would themselves be more able to see merit i n a 
wider range of pedagogic practices than would the non-physics 
teachers. 
8.16.2. A review of Figs. 8/2 t o 8/13 does not provide compelling 
evidence t o support or re f u t e ch^ hypothesis. A recourse to a 
s t a t i s t i c a l comparison of mean slopes f a i l s to detect any 
difference between the physics teachers and physics students 
although both groups have a s l i g h t l y larger acceptance range 
than the non-physics teachers. Certainly such r e l a t i o n s h i p s 
which do e x i s t are co small as t o be completely buried i n the 
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v a r i a t i o n which i s evident from the data. The one conclusion 
which the author i s able to draw i s t h a t there i s an unexpected 
v a r i e t y of acceptance ranges amongst the twenty-four sub-groups 
of respondents compared. So great i s the v a r i a t i o n i n 
acceptance range th a t the author wondered i f the i n d i v i d u a l s 
who c o n s t i t u t e a sub-group exhibited as much v a r i a t i o n as 
between group comparisons. Fortunately t h i s can be tested by 
considering the i n d i v i d u a l INGRID (Slater 1977) analysis from 
each respondent w i t h i n groups. The task i s , however, quite 
daunting as the data needs t o be extracted from 119 separate 
analyses and grouped twenty four waysl The author chose t o 
select at random j u s t four groups t o look f o r v a r i a t i o n . The 
re s u l t s were s u r p r i s i n g ; much less v a r i a t i o n existed w i t h i n 
groups than between groups and the kind of data exhibited i n 
Figure 3/14 i s t y p i c a l of the four sample groups. 
FIGURE 8/14 ABOUT HERE 
I t w i l l be clear from the f i g u r e t h a t a f t e r the' divergence 
between the 1st. and 2nd. component the l i n e s tend t o become 
p a r a l l e l so not only i s the divergence less than one might have 
anticipated by the between group comparisons, but t h a t any 
difference i n construction resides p r i m a r i l y i n the f i r s t 
component. This i s sub j e c t i v e l y v e r i f i e d by the construct 
labels used. I n Table 8/31 the construct labels of respondents 
whose grids form the data of Fig. 8/14 are compared and the 
s i m i l a r i t y between component 2 descriptions may be seen to be 
greater than f o r component 1. Such s i m i l a r i t y i s , of course, 
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FIGURE 8/1^. A comparison of the acceptance ranges of students 
who exhibited e i t h e r a p o s i t i v e or negative 
a t t i t u d e t o Factor A> 
COIIPONENTS 
Positive 
a t t i t u d e respondei 
^- Negative 
a t t i t u d e respondents 
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subjective and the reader's i n t e r p r e t a t i o n of the labels may 
d i f f e r from e i t h e r the author's or respondents* i n t e r p r e t a t i o n s 
TABLE 8/31 ABOUT HERE 
8.16.3, I n r e l a t i o n t o hypothesis 10, the author can only remark 
on his data, which suggests t h a t common a t t i t u d e groups have 
si m i l a r acceptance ranges exhibited between t h e i r members, 
p a r t i c u l a r l y a f t e r the f i r s t component has been extracted. 
There i s no evidence t o suggest a r e l a t i o n s h i p between groups of 
respondents as hypothesised and indeed the v a r i a t i o n between 
groups appears unexpectedly high. The author has discussed 
these r e s u l t s with both respondent groups and with other 
researchers and i s unable to suggest any reason f o r a wider 
v a r i a t i o n between groups than withir. groups, i n what appears to 
be a random way. 
8.17. I n completing the g r i d , the respondents were reguired t o 
consider teachers of physics and t o use constructr. which arose 
from an appraisal of e i t h e r observed or remembered teaching 
against c r i t e r i a of effectiveness. The author r e c a l l e d his 
experience i n i n i t i a l teacher t r a i n i n g where student teachers 
freguently reguested a supervisor f o r t h e i r teaching practice 
who had knowledge of t h e i r own d i s c i p l i n e . To such students 
the author had always maintained t h a t a teacher who knew l i t t l e 
of the topic being taught v/as more l i k e l y t o f a i r l y assess the 
student on pedagogic c r i t e r i a rather than d i s c i p l i n e based 
c r i t e r i a - ( A r i s i n g from the supervisor guestioning whether he 
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TABLE 8/31. A comparison of construct labels used by student respondents to describe components one and two 
Student 1 Student 2 Student 3 Student ^ 
Competent Talks to class Well prepared Effective 
Obvious c l a r i t y 
of development 
Regional accent Keen on subject Logical approach 
Component 
1 
Good spoken 
presentation 
Has experience of 
lower levels 
Commands att e n t i o n Good general manner 
Good blackboard 
use 
Audible Interested i n 
subject 
Reinforcement 
Research a c t i v i t y Steady voice Interests extend beyond physics 
Generally competent 
Component 
Level of teaching Young Clear chalkboard Clear idea of l e v e l and content and 
method 
2 Class 
p a r t i c i p a t i o n 
Interesting Commands attention Student p a r t i c i p a t i o n 
Well spoken Audible Clear drawings, etc. Logical approach 
would use the same strategy t o teach the t o p i c under 
consideration i f he were also a teacher of the same s u b j e c t ) . 
Early i n the research planning i t became evident t h a t data 
would be available which would permit t h i s question t o be 
investigated i n the d i s c i p l i n e of physics, and so hypothesis 11 
was formulated. 
Hypothesis 11 
"An appraisal of the constructs used by respondents i n 
completing t h e i r grids w i l l show t h a t f o r teachers of under-
graduate physics the r a t i o of d i s c i p l i n e orientated constructs 
to pedagogy orientated constructs w i l l be greater than f o r 
e i t h e r of the other two groups of respondent." 
The constructs used by a l l respondents may be c l a s s i f i e d i n t o 
three groups; 
a) D i s c i p l i n e r e l a t e d . 
b) Pedagogy r e l a t e d . 
c) Others - including personality f a c t o r s , etc. 
The hypothesis states t h a t the r a t i o a/b w i l l be l a r g e r f o r 
physics teachers than f o r e i t h e r of the other groups because 
physics teachers w i l l use a higher proportion of physics 
based constructs. 
I n order t o t e s t the hypothesis, f i v e judges were i n v i t e d to 
read a l l the o r i g i n a l g r i d s . (Four of the f i v e had been judges 
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previously i n the Thurstone development of a t t i t u d e i n v e n t o r y ) . 
They did not have any means of knowing whether a g r i d originated 
from any p a r t i c u l a r class o f respondent, and they were aslced t o 
i d e n t i f y the three types of construct and w r i t e the f r a c t i o n 
equivalent t o a/b on a table of g r i d reference numbers. The 
author then computed the mean value of a/b f o r each 
class of respondent as indicated i n Table 8/32. 
TABLE 8/32. The r a t i o of d i s c i p l i n e based constructs t o 
pedagogy based constructs f o r each class _of 
respondent. 
Teachers Students Non-Physics Teachers 
0.33 0.^0 0.27 
I t would be inappropriate to embark on an exhaustive s t a t i s t i c a l 
comparison of the values i n table 8/32 as they arose from 
subjective i n t e r p r e t a t i o n of construct labels by f i v e judges who 
frequently disagreed w i t h construct c l a s s i f i c a t i o n . The 
student group use d i s c i p l i n e based constructs most o f t e n f o r a 
given number of pedagogy based constructs. As one might 
an t i c i p a t e the non-physics teachers use physics r e l a t e d 
constructs least frequently. 
The hypothesis i s not supported by the data. 
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Returning t o the example given i n the i n t r o d u c t i o n of paragraph 
8.17., the comment made to the t r a i n e e teachers appears t o be 
s u b s t a n t i a l l y correct as the non-physics teachers use pedagogy 
rela t e d constructs most fr e q u e n t l y . I t has been a surprise t o 
most teachers of physics who have commented on t h i s data t o f i n d 
t h a t the students are more strongly d i s c i p l i n e orientated i n 
t h e i r choice of constructs than the teachers* The numerical 
data i s supported by a perusal of the actual construct labels 
used. Frequently students c i t e constructs such as: 
"Likes physics," 
"Well q u a l i f i e d i n his subject," 
"Knows his s t u f f , " 
etc., when describing an e f f e c t i v e teacher. Teachers, on the 
other hand use constructs such as: 
"Well structured lesson," 
"Clear plan," 
"Involves students," 
etc., when describing an e f f e c t i v e teacher. 
8.18.1, The f i n a l hypothesis sought t o i d e n t i f y a 'word picture* of 
students perception of an ' i d e a l ' or 'most e f f e c t i v e ' teacher. 
I t w i l l be recalled t h a t the hypothesis demanded c l a s s i f i c a t i o n 
of respondents by t o t a l a t t i t u d e , a c l a s s i f i c a t i o n which, i t r.cs 
been shovm, would be q u i t e inappropriate f o r the a t t i t u d e 
•inventory devised f o r the research. I t has not been possible, 
therefore, t o investigate the l a s t hypothesis (12) although 
i n d i v i d u a l 'word pictures' of an e f f e c t i v e teacher have been 
produced f o r groups of students i d e n t i f i e d as p o s i t i v e l y or 
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negatively orientated t o one f a c t o r of the inventory. These 
p r o f i l e s have already been considered. 
8.18.2. Although i t has not been possible to investigate the 
12th. hypothesis i t i s repeated below as the author considers 
i t s i n v e s t i g a t i o n i n the f u t u r e to be of value. The evidence 
already presented t o support the view t h a t common a t t i t u d e 
groups do seem to e x h i b i t shared perceptions of e f f e c t i v e 
teaching i s of s u f f i c i e n t s i g n i f i c a n c e t o merit the l a t e r 
development of a better means of measuring ' t o t a l a t t i t u d e , ' 
This i s an area of work already being undertaken by a research 
assistant employed by Plymouth Polytechnic to continue with the 
development of the methodology devised and recorded i n t h i s 
t h e s i s . (Further research plans are discussed i n Chapter 10). 
8.18.3. Hypothesis 12 
" F i r s t year undergraduate students of physics formed i n t o 
learning groups by t h e i r t o t a l a t t i t u d e score, measured by the 
a t t i t u d e to physics inventory, w i l l have common perceptions of 
the pedagogic s t y l e they associate with e f f e c t i v e teaching of 
undergraduate physics with less variance than any mixed a t t i t u d e 
grouping." 
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NEWSWORTHY RESULTS 
A SUMMARY OF FINDINGS 
276. 
9.1. A common c r i t i c i s m of psychological and educational research 
i s t h a t i t too often wastes time gathering empirical support 
f o r the s e l f - e v i d e n t . Similar comments sometimes get made 
about the t h e o r i s i n g t h a t educational and psychological 
researchers engage i n . At the end of the day, i t looks as i f 
an elaborate t h e o r e t i c a l framework has been erected t o explain 
what should have been obvious i n the f i r s t place. 
When one comes to the end of a lengthy research p r o j e c t , i t can 
be quite discomforting to be t o l d t h a t one's hard-won findings 
are "obvious" or "lacking i n news value." Such c r i t i c i s m s , 
once made, are not easy t o slough aside. I f a l l one's r e s u l t s 
could indeed have been predicted i n advance (e.g. from common-
sense considerations and/or already-existing knowledge) the onus 
i s upon the researcher to explain why he spent valuable research 
time "discovering" them. 
In an attempt to safeguard themselves against c r i t i c i s m of t h i s 
kind, experienced researchers sometimes pay special advance 
at t e n t i o n to the "newsworthiness" ( t o use a term of Karl 
Popper's) of the hypotheses th a t they are proposing t o t e s t . 
One way of doing t h i s i s t o describe the hypotheses t o reasonably-
informed colleagues and outsiders - with a view to securing t h e i r 
opinions about the l i k e l y outcome. I n e f f e c t , the aim i s to 
discover whether there i s s i g n i f i c a n t agreement about the way i n 
which the r e s u l t s w i l l work out. I f everybody agrees that the 
res u l t s are l i k e l y to take a c e r t a i n form, the researcher might 
then th i n k twice about the necessity of doing the experiment. 
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Of course, there may be circumstances i n which i t i s desirable 
t o do an experiment, j u s t to make sure t h a t i t does work out the 
way i n which everyone expects. But some qu i t e strong j u s t i f i -
cation would surely be needed i f a whole succession of 
experiments f a i l e d to y i e l d any surprises a t a l l . 
9.2. The hypotheses investigated i n t h i s research p r o j e c t were 
framed by the author from a perspective of one who had been a 
student of physics, a teacher of physics and was c u r r e n t l y an 
interested observer from outside the arena of physics education. 
The r e s u l t s have proved i n t e r e s t i n g to the author as they have 
enabled him to c i t e evidence to support or r e f u t e views which 
were based on i n t u i t i o n when the research began. However, to 
the external observer there i s l i t t l e guidance t o the 
"newsworthyness" of the r e s u l t s , t o use Popper*5 terminology. 
By using the term 'newsworthyness* the author i s 
seeking to i d e n t i f y those r e s u l t s which are counter i n t u i t i v e 
t o the p r a c t i t i o n e r . One might i l l u s t r a t e a 'newsworthy' or 
'counter i n t u i t i v e * f i n d i n g by c i t i n g A l b e r t Einstein's clock 
hypothesis, which w'.ien validated by experimental procedures 
not available at the time, Einstein hypothesized the time 
discrepancy associated with r e a l time t r a v e l . There appeared, 
therefore, t o be a need to i l l u s t r a t e i n some simple way 
whether the research f i n d i n g s were congruent w i t h , or i n 
c o n f l i c t w i t h , the views popularly held by physics education 
p r a c t i t i o n e r s . 
Some kind of 'straw-vote' conducted amongst physics teachers 
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seemed a suitable means of f i n d i n g out what they b- ieved t o be 
the current view on the hypotheses. 
9.3. The author made two attempts t o evaluate t h i s opinion. The 
f i r s t was unsuccessful, f o r the reasons speci f i e d w h i l s t the 
second proved most rewarding. I t should be stressed, however, 
tha t t h i s was not intended t o be a ' s c i e n t i f i c ' sampling/data 
c o l l e c t i n g mechanism, merely a simple way of f i n d i n g out to 
what extent the author had r e f l e c t e d the i n t u i t i v e views of 
physics teachers when framing the hypotheses. The f i r s t , and 
unsuccessful, attempt at gauging the opinion of physics teachers 
wa^n the form of a questionnaire upon which a l l the hypotheses 
appeared with questions asking whether or not the respondent 
agreed with the hypothesis, and i f so,to what extent. The 
questionnaire f a i l e d p a r t l y because respondents could not ea s i l y 
i n t e r p r e t the hypotheses when these were couched i n the jargon of 
the research project and p a r t l y because a se^&n point response 
scale proved inappropriate f o r the response demanded. The 
attempt was completed f o r about 20 respondents but such d i f f i -
c u l t y was experienced t h a t the data collected was rather suspect, 
and consequently was rejected. 
The second attempt endeavoured t o overcome the d i f f i c u l t i e s 
experienced previously by expressing the hypothesis i n common 
parlance (which, i t should be noted, introduced some ambiguity) 
and by asking respondents to estimate the p r o b a b i l i t y of each 
statement being t r u e . The method had been used before and the 
author had been sceptic a l of i t s usefulness, but having r.nw 
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applied the technique i s 'converted* to an advocate of such a 
method. (For 'straw-vote' opinion gathering the method i s 
i d e a l , i n a serious study the author would s t i l l have 
reservations as the questioner i n the interview can 'manage* 
the s i t u a t i o n i n such a way as t o introduce b i a s ) . 
Only twelve physics teachers were questioned, s i x from a single 
u n i v e r s i t y , four from one polytechnic and two ex-physics 
l e c t u r e r s now employed i n the area of educational technology. 
A r b i t r a r y levels were decided f o r c u t - o f f points f o r the 
average p r o b a b i l i t y l e v e l of ^ 0% (do not agree) and 60% (agree). 
Table 9/1 indicates the way i n which each hypothesis was 
supported, refuted or no conclusion drawn from the research data 
and from the sampling of i n t u i t i v e views of other physics 
teachers. The t h i r d l i n e indicates those hypotheses where 
findings are contrary to these i n t u i t i v e views or, i n other 
words, i t i d e n t i f i e s those hypotheses where a "newsworthy" 
r e s u l t became apparent from the research data. 
TABLE 9/1 ABOUT HERE 
9.^. I t w i l l be noted t h a t on ^ •5% of the hypotheses the research 
data indicates t h a t the r e s u l t s are i n c o n f l i c t w i t h the 
popular views of p r a c t i t i o n e r s . The previous chapter has 
discussed each hypothesis i n r e l a t i o n t o the data and so i t i s 
intended only to h i g h l i g h t i n t h i s chapter, those e i g h t sets of 
re s u l t s where c o n f l i c t appears t o e x i s t . The data suggests 
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TABLE 9/1. The hypotheses i n r e l a t i o n to data and p r o b a b i l i t y estimating by a group of practising 
physics teachers. 
00 
ABCD are f o r Hypotheses 
factors of a t t . 1 1 1 1 2 2 2 2 3 ^ 5 6 7 8 9 10 11 12 
inventory A B C D A B C D A B C D A B C D A B 
Research data * 
/ Supported / X X X / / / / X X / X X / 0 0 X 0 
X Refuted 
0 No r e s u l t 
Straw vote 
/ Supported / X / 0 X / / / / X X / / X / •0 / 0 
X Refuted 
0 No r e s u l t 
Findings i n 
c o n f l i c t with 
popular 
opinion S S S s . S S S S S 
Significant at 0.05 l e v e l . 
that teachers of physics prize the f o s t e r i n g of i n t r i n s i c 
motivation i n t h e i r students less highly than enabling t h e i r 
students t o overcome the hurdle of an examination. The 
students, however, i t would appear from the data, do demand a 
pedagogic s t y l e which places the development of ' i n t r i n s i c 
motivation' and 'pleasure from physics lectures' higher i n 
importance than overcoming the examination hurdle. Most 
physics teachers are i n c o n f l i c t w i t h the data i n two respects: 
f i r s t l y , i t does not acknowledge t h a t teachers and students may 
have d i f f e r e n t p r i o r i t i e s i n these areas, and secondly, i t 
postulates t h a t students w i l l want t o 'pass an exam'rather 
than be i n t r i n s i c a l l y motivated to enjoy physics i n s t r u c t i o n . 
I r r e s p e c t i v e of which a t t i t u d e f a c t o r s are considered .^thci data 
indicates t h a t teachers or students who e x h i b i t d i f f e r e n t 
a t t i t u d e s w i l l perceive d i f f e r e n t teaching strategies (pedagogic 
st y l e s ) as being e f f e c t i v e . Most p r a c t i s i n g teachers c l e a r l y 
do not see such a d i s t i n c t i o n and consider an e f f e c t i v e teacher 
of one type of student, ( c l a s s i f i e d by a t t i t u d e ) to be equally 
e f f e c t i v e f o r any other type of student ( c l a s s i f i e d by a t t i t u d e ) . 
These observations are replicated i n two separate hypotheses 
which consider t h i s problem from d i f f e r e n t perspectives 
(Hypotheses 5 and 6). The author considered th a t physics 
teachers and physics students would tend to use d i s c i p l i n e 
based c r i t e r i a t o assess an observed teaching episode, w h i l s t 
other teachers, who were devoid of subject knowledge would tend 
to use more pedagogic orientated c r i t e r i a . I n f a c t the 
evidence available suggests th a t students are very much aware of 
aspects of pedagogic competence and are more l i k e teachers of 
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other d i s c i p l i n e s when observing and assessing a \ er. 
Physics teachers do, however, use d i s c i p l i n e based ':teria. 
The p r o b a b i l i t y estimating technique suggests that physics 
teachers do not acknowledge t h a t they may be biasing an 
assessment towards d i s c i p l i n e based c r i t e r i a although evidence 
i s available t o show tha t they do. A d d i t i o n a l l y , the author's 
sample of physics teachers do not acknowledge th a t t h e i r 
students are able t o make competent pedagogic c r i t i c i s m i n 
e f f e c t i n g an appraisal of an observed teaching episode. 
I n his former teaching t r a i n i n g a c t i v i t i e s , the author 
frequently found himself having t o convince students that they 
would be f a i r l y assessed on teaching practice by someone they 
(the students) knew had no knowledge of t h e i r subject. I n 
almost every case students would prefer to be assessed by a 
teacher of t h e i r own subject. Evidence colle c t e d then, as w e l l 
as i n t h i s research data, c l e a r l y shows tha t a physics teacher 
viewing a student teacher of physics i s l i k e l y t o make st a t e -
ments akin t o : "Well i t was O.K. but I would do i t t h i s 
way " 
The non-physics assessors would make s i m i l a r comments but the 
difference centres on how the sentence i s completed. For 
physicists there are usually physics based comments l i k e .... 
" you could have r e l a t e d the wave theory of l i g h t to the 
propagation of an electro-magnetic wave by considering the 
f i e l d e f f e c t s of an o s c i l l a t i n g electron i n free space." 
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The non ph y s i c i s t s ' comments tended t o be d i s c i p l i n e f r e e as 
examplified by : " .... could you not have used a water tank, 
some demonstration or at least a diagram to i l l u s t r a t e your 
point about the wave theory of l i g h t ? " (Both comments are 
transcribed from actual assessor reports on student teachers 
of physics). Whilst t h i s did not form a major part of t h i s 
research the examples are included t o c l a r i f y how the i n t u i t i v e 
statements of p r a c t i c a l teachers i s c l e a r l y q uite d i f f e r e n t t o 
the actual strategies adopted. Whilst the data i s not 
s t a t i s t i c a l l y s i g n i f i c a n t the trend'of r e s u l t s supported the 
author's b e l i e f t h a t mixed a b i l i t y common a t t i t u d e groups are 
more l i k e l y t o demand a conmion pedagogic s t y l e i n order to 
achieve what they perceive as an e f f e c t i v e teaching strategy 
than are mixed a t t i t u d e , common a b i l i t y groups. Popular 
opinion did not acknowledge that a t t i t u d e (however measured) 
had an e f f e c t on the perception of an e f f e c t i v e pedagogic s t y l e 
9.5. Hopefully t h i s chapter has highlighted some of the 
differences between the research data and the views held by 
some p r a c t i s i n g physics teachers. The author f i r m l y believes 
that any attempt t o improve the o v e r a l l e f f i c i e n c y of physics 
teaching of undergraduate students would f i r s t have t o resolve 
these c o n f l i c t s and establish c uoriimon area of understanding 
before s p e c i f i c changes of strategy were recommended. 
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CONCLUSION: 
EXTENSION STUDIES, ETC 
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10.1. On i n i t i a t i n g t h i s study the author's content! . tha t 
the c r i t e r i a used t o form student groups, the metht, . of 
i n s t r u c t i o n advocated by teachers of undergraduate p, -aics, 
students' perceptions of t h e i r own needs i n terms of pedagogic 
s t y l e and teachers' perceptions of t h e i r students' needs a l l 
required i n v e s t i g a t i o n . Furthermore,the author intended to 
provide evidence which permitted an i n v e s t i g a t i o n of the areas 
specified above, but which would also substantiate h i s b e l i e f 
t h a t teachers of physics, teachers of d i s c i p l i n e s other than 
physics and physics students a l l use d i f f e r e n t c r i t e r i a when 
assessing a teacher's effectiveness. 
The previous chapter has already considered how the hypotheses, 
when considered i n the l i g h t of the data, provide some 
c l a r i f i c a t i o n of these areas of expressed concern and high-
l i g h t e d how these r e s u l t s r e l a t e t o popular opinion amongst 
those involved with physics education. There has never been 
any i n t e n t i o n t o make p r e s c r i p t i v e comments about physics 
education, the conclusions drawn are intended t o be informative 
f o r physics teachers or educationalists who are in t e r e s t e d i n 
improving the effectiveness of learning amongst physics 
students. The 'conclusions' are r e a l l y 'observations* of what 
was happening i n physics education i n the period 1975 t o 1977. 
The reader, who i s interested i n improving student learning may 
f i n d t h a t these observations are i l l u m a t i v e , as d i d many of the 
people asked f o r t h e i r opinion i n the 'straw vote' survey of the 
previous chapter. Whether the research w i l l be u s e f u l cannot 
be stated, but f o r some readers the fin d i n g s w i l l i d e n t i f y a 
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d i f f e r e n t perception of a problem which may have been 
approached from one perspective only. Thus^the making e x p l i c i t 
of d i f f e r i n g perceptions of a common problem may enable the 
practitioner^who i s designing new and unique teaching 
s t r a t e g i e s ^ t o consider how d i f f e r e n t approaches might be 
construed by those who w i l l u l t i m a t e l y have to experience them 
as both learners and teachers. 
At the outset the research was not intended t o be a method-
o l o g i c a l study and y e t ^ i n retrospect^the major c o n t r i b u t i o n 
t h i s research may be seen t o have made may w e l l be the adoption 
of an established technique, namely repertory g r i d s , i n t o an 
instrument f o r appraising teaching effectiveness. Throughout 
the research period the author was employed i n a polytechnic 
with the mandate to improve the q u a l i t y of teaching w i t h i n the 
i n s t i t u t i o n . Such demands resulted i n the emergence of the 
TARGET project (Teaching Appraisal by Repertory Grid Q i c i t a t i o n 
techniques) (Keen & Hopwood 1978) which has been developed by 
the author together with h i s colleague, and i s based 
exclusively on the methodology developed by the author f o r the 
in v e s t i g a t i o n of the research hypotheses of t h i s t h e s i s . The 
author perceives TARGET as the l i n k between his academic 
research (during 197^ - 1978} as described i n t h i s t h e s i s , and 
the p r a c t i c a l arena of educational technology. Paragraph 10.2. 
describes the TARGET project (the whole of paragraph 10.2. has 
been published as a paper (Hopwood & Keen 1978) i n 
Programmed Learning and Educational Technology 15, 3, 187 - 195) 
and i t s r e l a t i o n s h i p t o t h i s research. 
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10.2. TARGET i s an acronym f o r Teaching Appraisal by Repertory 
Grid E l i c i t a t i o n Techniques. The project i s under develop-
. ment and w i l l , u l t i m a t e l y , become operational a t four l e v e l s , 
each successive l e v e l e x h i b i t i n g a greater degree of 
sop h i s t i c a t i o n . This paper i s confined t o a discussion of 
Level 1, which i s already f u l l y operational. 
THE TRADITIONAL APPROACH 
Teaching and learning are a c t i v i t i e s of an extremely complex 
nature, a c t i v i t i e s to which considerable research e f f o r t has 
been, and continues to be, applied. A major purpose of such 
research i s to ill u m i n a t e the nature of each and to point up 
rela t i o n s h i p s between them. Even so, there e x i s t few 
operational guidelines available t o teachers seeking ways and 
means of creating e f f e c t i v e learning s i t u a t i o n s f o r t h e i r 
students- In other words, associative l i n k s between acts of 
teaching and modes of learning are f a r from numerous at the 
p r a c t i t i o n e r l e v e l . 
Notwithstanding the tenuous nature of such l i n k s , i t i s 
commonplace, i n formal courses of professional t r a i n i n g f o r 
teaching, to evaluate teachers and to categorise t h e i r a b i l i t y 
to teach by means of applying numerical grades, or by the use of 
such adjectives as bad, good, weak, strong, pass, f a i l and 
d i s t i n c t i o n , to name but a few. More often than not, such 
evaluations exclude a teacher's own perception of teaching 
effectiveness and the consumer's opinions, those of h i s 
students, are seldom canvassed. 
288 
The methods by which teachers and teaching are c^.- -rised are 
too numerous t o mention. They range from a w r i t t '^ age of 
subjective comment, through check l i s t s of "appropr. l e " 
teaching behaviours, t o complex and mystifying grading systems 
employing m u l t i p l e evaluative c r i t e r i a . .Almost without 
exc eption, these instruments are used by an observer i n the 
classroom during, or immediately a f t e r , a teaching episode. 
Although the highly subjective nature of t h i s approach i s w e l l 
known, there seems to be no r e l i a b l e way of appraising teachers 
or teaching other than by observing teaching behaviours, and 
placing apparently a r b i t r a r y values upon t h e i r appropriateness. 
Within a given teacher t r a i n i n g u n i t , there may be no objection 
to such a process, provided t h a t the student teachers, and t h e i r 
observers, accept c r i t e r i a t o be used f o r asses5ment purposes, 
especially i f steps are taken to ensure c o m p a r i b i l i t y of 
assessments made by d i f f e r e n t observers. Major problems a r i s e , 
however, when attempting to compare "good" or "bad" teachers, so 
defined w i t h i n one t r a i n i n g u n i t , w i t h t h e i r counterparts so 
defined w i t h i n another such u n i t . I n many ways, such problems 
might be expected as, i n each u n i t , t r a i n e e teachers are i n v i t e d 
to emulate models of "good" teaching based on c r i t e r i a 
recommended by d i f f e r e n t groups of "experts," c r i t e r i a which 
are often t o t a l l y external to the trainees themselves. 
In the United Kingdom, and also i n the United States of America, 
there is^as yet^no statutory o b l i g a t i o n upon teachers i n 
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• establishments of Further and Higher Education t o ceive 
formal t r a i n i n g f o r teaching. I n the UJ(, those : 11 groups 
of FE/HE teachers who do present themselves f o r t r a . i - ing, do so 
on a voluntary basis, usually f o l l o w i n g formal in-service 
courses f o r which remission of teaching duties i s allowed. 
Such teachers accept that some q u a n t i f i c a t i o n of t h e i r teaching 
„ i s , i n v a r i a b l y , a course requirement. For the vast majority of 
t h e i r colleagues, however, the rewards attached to teaching 
accomplishment are perceived t o be less than those a t t r a c t e d 
by high le v e l s of academic achievement i n t h e i r respective 
subject areas. I n any event, were overt attempts made t o ra i s e 
the "teaching climate" (Eraut 1975) of an i n s t i t u t i o n , B r i t i s h 
academics and t h e i r professional associations, would be l i k e l y 
t o resist-such e f f o r t s . This resistance could take the form of 
drawing a t t e n t i o n t o the low r e l i a b i l i t y and doubtful v a l i d i t y 
of many of the instruments used f o r teaching appraisal purposes> 
and pointing up the p l i g h t of those of t h e i r American academic 
colleagues whose careers are often threatened by compulsory 
evaluation of t h e i r teaching a b i l i t y by the use of instruments 
of s i m i l a r dubiety. 
Nevertheless, i t would be wrong t o suggest th a t teachers i n 
FE/HE are t o t a l l y unconcerned about t h e i r effectiveness i n i r . ^ 
classroom. This i s probably j u s t as w e l l , f o r i n s t i t u t i o n s of 
FE/HE are, c u r r e n t l y , f i n d i n g the need to respond to both 
i n t e r n a l and external pressures t o maximise the effectiveness of 
teaching. I t i s the opinion of the author , however, t h a t f o r 
reasons already discussed, those w i t h i n these i n s t i t u t i o n s 
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mandated t o improve teaching effectiveness w i l l a : : C t no 
c r e d i b i l i t y i n the eyes of t h e i r academic colleagu : 5 by fu r t h e r 
elaboration of e x i s t i n g instruments, or by the new development 
of s i m i l a r instruments, purporting t o measure e f f e c t i v e 
teaching. 
A d d i t i o n a l l y , should professional t r a i n i n g f o r teaching become a 
statu t o r y requirement f o r new entrants t o the FE/HE teaching 
service, those responsible f o r providing the formal t r a i n i n g 
courses could f i n d themselves i n impossibly vulnerable positions 
once the element of voluntary course attendance no longer 
applies. 
PERSONAL CONSTRUCTS 
I t i s against the background of t h i s somewhat depressing 
scenario t h a t the amergent TARGET system could be seen t o o f f e r 
an a l t e r n a t i v e and novel approach t o teaching appraisal. 
TARGET i s an elaboration by Keen, Hopwood and Reid ( B i l e s , B i l e s , 
Keen and Hopwood 1978) of methodology devised by George Kelly 
(Kelly 1955) and supplemented by Bannister & Mair (1968), 
Patrick Slater (1972) and others. The system r e f l e c t s Kelly's 
philosophical p o s i t i o n of constructive a l t e r n a t i v i s m , that i s to 
say, an acceptance that an inc:vid>^al*s i n t e r p r e t a t i o n of the 
universe i s subject to replacement or r e v i s i o n , rather than 
presenting a s t a t i c , o n c e - f o r - a l l construction of the universe, 
or of any part of it» 
The TARGET system u t i l i s e s Repertory Grid techniques, allowing a 
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respondent to provide p l a i n language statements t . i n t e r p r e t 
events i n terms of dis c r i m i n a t i o n , organisation an:-" the 
a n t i c i p a t i o n of fu t u r e p o s s i b i l i t i e s . Statements oP t h i s kind 
are known as personal constructs, and represent i n t e r p r e t a t i o n s 
imposed on events, (events associated w i t h teachers and 
teaching i n the case of TARGET), by the respondent. Linkages 
between constructs i l l u m i n a t e aspects of his construct system, . 
an understanding of which allows speculation concerning his 
approach t o the ordering and a n t i c i p a t i o n of events. 
I n general, a construct provides a means of i d e n t i f y i n g 
s i m i l a r i t i e s and differences. Furthermore, i t o f f e r s a 
continuum along which an aspect of an event may be scaled. 
A construct i s , therefore, two-ended, or fai-polar, i n v o l v i n g 
a p a r t i c u l a r basis f o r considering likenesses and differences 
and, at the same time, f o r excluding things as i r r e l e v a n t to the 
contrast involved. 
For example, i f the construct "good d i c t i o n - bad d i c t i o n " i s a 
feature of a respondent's construct system, he may use t h i s t o 
i d e n t i f y good d i c t i o n and bad d i c t i o n i n the course of, say, 
observing a teacher. Furthermore, having now d e f i r - the poles 
of a scale r e l a t i n g to d i c t i o n , the teacher under observation 
may be positioned upon i t , as may be other teachers observed i n 
the f u t u r e . I t i s important t o r e a l i s e , however, t h a t t h i s , and 
other constructs, are f r e e l y e l i c i t e d by the respondent, and thus 
take account of i n d i v i d u a l perceptions of acts of teaching. 
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As seen by Bannister, and by Kelly , constructs and construct 
systems exert a c o n t r o l l i n g influence on the i n d i v i d u a l : -
"The system of constructs which a person establishes f o r 
himself represents the network of pathways along which he i s 
free t o move. Each path can be viewed as a two-way s t r e e t , and 
while the i n d i v i d u a l may choose e i t h e r of these d i r e c t i o n s , he 
cannot, so to speak, s t r i k e out across country without b u i l d i n g 
new constructions, new routes to f o l l o w . 
When a person must move, he i s confronted by a series of 
dichotomous choices - each choice being channelled by a 
construct. Each construct represents a pair of r i v a l 
hypotheses, e i t h e r of which may be applied t o a new element 
which the person seeks to construe. Thus, j u s t as the 
experimental s c i e n - i s t designs his experiments around r i v a l 
hypotheses, so each person i s seen as designing his d a i l y 
explorations of l i f e around the r i v a l hypotheses which are 
yielded by the constructs w i t h i n his system. Moreover, j u s t 
as the s c i e n t i s t cannot foresee p o s s i b i l i t i e s - t h a " lie has not, 
i n some manner, conceptualised i n terms of hypotheses, so any 
i n d i v i d u a l can prove or disprove only t h a t which his 
construction system allows hxiw to see i n terms,of possible 
a l t e r n a t i v e s . The construct system sets the l i m i t s beyond 
which i t i s impossible f o r a person to perceive, and i n t h i s way 
constructs are seen as controls on a person's outlook and also, 
i n an ultimate sense, as controls on his behaviour. 
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Kelly suggests t h a t the c o n t r o l l i n g influence of ...,it:;tructs 
becomes p a r t i c u l a r l y i n t e r e s t i n g when a person begins to use 
himself as an event i n the context of the constructs he i s 
developing or operating. When a person uses himself as a 
datum i n forming new constructs, he f i n d s t h a t the constructs 
formed operate as a t i g h t c o n t r o l on.his own behaviour. I n 
forming a set of constructs which include the s e l f us an 
element w i t h i n t h e i r range of convenience, the person plots the 
dimensions along which i t w i l l be possible t o organise his own 
behaviour i n r e l a t i o n t o others. Thus a person who includes 
himself i n the context of the construct, say, powerful-weak, 
binds himself t o assess his own behaviour i n r e l a t i o n to tha t 
dimension. Whether he sees himself as powerful or weak i s of 
i n t e r e s t to a psychologist, but i t i s secondary t o the f a c t t h a t 
the person has ordered his world and himself w i t h respect to the 
powerful-weak dim'.nsion. 
From the point of view of personal construct theory, any person, 
when viewed by another, i s regarded as the point of i n t e r s e c t i o n 
of a number of personal constructs used by the observer. Oust 
as the North Pole i s defined as the point of i n t e r s e c t i o n of a 
number of geographical constructions, so also the viewed person 
i s t o be i d e n t i f i e d as the ir.^itjtir.y point of a series of 
dichotomised, categorical and personal i n t e r p r e t a t i o n s . " 
Aspects of the methodology used-in the adaption of g r i d theory 
to teaching appraisal, as used i n TARGET, are discussed i n the 
second part of t h i s paper. 
At the p r a c t i t i o n e r l e v e l , a respondent t o TARGET receives, as 
an end product, three p r o f i l e s i n the form of bar charts. 
These show: 
a) His perception of an e f f e c t i v e teaching s t y l e . 
b) His perception of his own teaching s t y l e . 
c) His perception of an i n e f f e c t i v e teaching s t y l e . 
The d e r i v a t i o n of these p r o f i l e s from g r i d data w i l l be 
discussed i n some d e t a i l l a t e r , but f o r the present i t i s 
s u f f i c i e n t t o remark that not only are the respondent's own 
constructs printed on the p r o f i l e s , but those constructs are 
organised i n t o groups which best describe each dimension of 
the p r o f i l e s . In other words, an attempt i s made t o depict 
th a t part of the construct system used by the respondent to 
categorise teachers and teaching episodes. 
A s i g n i f i c a n t difference between the TARGET system and other 
systems and methods mentioned e a r l i e r l i e s i n the f a c t t h a t 
c r i t e r i a of effectiveness, own teaching s t y l e and i n e f f e c t i v e -
ness, respectively are e l i c i t e d by the respondent himself» 
In t h i s way he i s freed from the burden of conformity to 
c r i t e r i a developed by "experts," c r i t e r i a often a l i e n to his own 
personal construct system. 
I t i s not claimed t h a t the use of TARGET w i l l produce " b e t t e r " 
teachers but, nevertheless, respondents to a TARGET g r i d may wel l 
experience heightened perceptual awareness of teachers and 
teaching. Although there i s no one-to-one r e l a t i o n s h i p between 
perceptual competence and a complex motor s k i l l such as teaching, 
there i s some evidence to support the view t h a t motor . Us 
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cannot be acquired without perceptual enhancement, and that 
repertory grids are appropriate means t o t h i s end. 
CONSULTANCY 
I t i s almost i n e v i t a b l e t h a t a teacher, on receiving his 
p r o f i l e s , w i l l immediately compare one with another. On 
comparing his own teaching s t y l e p r o f i l e w i t h that perceived by 
him to be representative of e f f e c t i v e teaching, he may conclude 
tha t there i s some inadequacy or deficiency i n his own teaching 
s t y l e . I t i s at t h i s point where the need arises f o r the 
provision of a consultancy or counselling service f o r , as 
pointed up by Thomas (Thomas & Harri-Augstein 1976) 
"When a habitual s k i l l i s disrupted, performance drops and 
the learner becomes emotionally vulnerable. He requires 
support and d i s c i p l i n e from inside or outside to continue 
through the trough of t h i s process of change and to enter i n t o 
a p o s i t i v e reconstructive phase of learning-to-learnc" 
Further i n s i g h t i s provided by Reid (Reid 1977) 
" M i l l e r ' s work suggests th a t t o construct a more e f f e c t i v e 
plan the learner must dissemble 3 ; ; i s t i n g plans, often at many 
levels of complexity, before recombining them i n t o an a l t e r n -
a t i v e s t r u c t u r e . He w i l l , as i t were, be a t some stage caught 
between plans. Inv a r i a b l y t h i s leads t o sudden and marked 
drops i n performance, a period of depression, d i s i n t e r e s t , 
anxiety, and feelings of hopelessness. At the point where the 
distance forwards i s equal to the distance back, therr; -re very 
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strong temptations to r e i n s t a t e old plans and to r e j e c t new 
methods on the basis that they can be seen not t o work. The 
only s o l u t i o n to t h i s s i t u a t i o n i s perseverence i n the learner, 
and tolerance and support from the t r a i n e r . " 
r 
B u i l t i n t o any such consultancy service should be provision f o r 
s k i l l s t r a i n i n g and, a t t h i s stage, there i s a meeting point 
between i n t e r p r e t i v e and behavioural approaches. There i s , 
however, a s i g n i f i c a n t d i f f e r e n t between a t r a i n i n g programme 
of t h i s kind and, as mentioned e a r l i e r , programmes designed to 
t r a i n teaching s k i l l s considered relevant t o acts of good 
teaching i n a l o c a l s e t t i n g . 
I n the context of t r a i n i n g associated with TARGET, i t i s the 
teacher himself who i s the "expert," and i t i s he who may be 
motivated to change, or to modify his behaviour i n the l i g h t of 
his own perception of his teaching s t y l e r e l a t i v e to his own 
perception of e f f e c t i v e teaching. 
There are reasons to believe t h a t , through the experience of 
TARGET, the teacher's p o t e n t i a l t o reconstrue himself as an 
e f f e c t i v e teacher w i l l be enhanced and, should t h i s be the case, 
the consultant or counsellor i s now i n the p o s i t i o n of being 
able t o negotiate with his c l i e n t an i n d i v i d u a l t r a i n i n g package 
Such a package may assume many forms and u t i l i s e various 
resources, including microteaching f a c i l i t i e s . What l i t t l e 
experience may be c i t e d to date suggests t h a t , f a r from such 
f a c i l i t i e s being i r r e l e v a n t t o TARGET, e x c i t i n g possib. t i e s 
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are beginning t o suggest themselves, a l l of which point to a 
more v i t a l and r e a l i s t i c approach to in-service t r a i n i n g and 
to in-house induction courses. 
At t h i s p o i n t , however, having considered some aspects of the 
ori g i n s of TARGET, i t s underlying philosophy and perceived 
p o t e n t i a l , l e t us now turn t o a more deta i l e d examination of 
the system, insofar as i t provides feedback to the respondent. 
COMPLETING THE GRID . 
A pack of fourteen "cue" cards i s presented to the respondent 
who inserts names or descriptions of teachers on the f i r s t 
three according to printed i n s t r u c t i o n s . The remaining eleven 
cards correspond to videotaped excerpts of teaching-learning 
s i t u a t i o n s which the respondent then views. The videotape i s 
ca r e f u l l y constructed i n order t o representatively sample the 
construct space of the respondent, a t e s t being incorporated 
i n t o the analysis which ensures t h a t , f o r any i n d i v i d u a l 
respondent, his cognitive structure has indeed been represent-
a t i v e l y and adequately explored by the videotaped excerpts, 
Whilst viewing, the respondent i s i n v i t e d t o record on each 
card his observations and/or comments on the episodes to which 
he i s being exposed. I n order t o f a c i l i t a t e r e c a l l , each card 
i s i d e n t i f i e d i n four ways. F i r s t l y , a l e t t e r code which 
corresponds to a column on the g r i d form (see Figure 10.1.), 
secondly by a photograph of the teacher who appeared i n that 
episode, t h i r d l y by a key word linked t o the t o p i c being * taught* 
and f i n a l l y by the respondent's own comments. P r i o r t o 
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commencing g r i d administration the respondent i s informed th a t 
a l l cards must be destroyed before he leaves the room i n order 
that his personal comments on the videotaped teaching episodes, 
and on the teachers named by him, w i l l remain c o n f i d e n t i a l . 
The second stage of the administration process can be undertaken 
once the card pack i s completed. The respondent i s asked to 
w r i t e his personalised TARGET reference number (which was drawn 
at random from a 'pool') i n the appropriate space on top of his 
g r i d form. Figure 10.1. i s a reduced version of the g r i d form 
used. The completion now continues i n the t r a d i t i o n a l manner 
for repertory grids using r a t i n g scales described i n d e t a i l by 
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Bannister and Mair (1968). The t r i a d s i d e n t i f i e d i n each 
hor i z o n t a l l i n e , by means of shaded c e l l s , are chosen on the 
basis of a p i l o t study which indicated that the d i s t r i b u t i o n 
chosen f a c i l i t a t e d the e l i c i t a t i o n of independent constructs. 
The administration session may be expected to take between H 
and Zi hours. 
THE ANALYSIS 
The g r i d analysis package developed by Patrick Slater (1972) 
i s used f o r the i n i t i a l analysis. From t h i s programme, 
p r i n c i p a l components may be i d e n t i f i e d and a t e s t applied to 
determine the number of components s i g n i f i c a n t (at the 0.05 
l e v e l ) f o r each i n d i v i d u a l respondent. The greater the number 
of s i g n i f i c a n t components the more l i k e l y a respondent i s to be 
able to appraise a teaching act, (be i t his own or observed) on 
i t s merits rather than against some r i g i d and r e s t r i c t i v e set of 
c r i t e r i a . 
The TARGET research team investigated the re l a t i o n s h i p s between 
the constructs, elements and these components and have been able 
to develop a computer programme, w r i t t e n by Reid, which 
acknowledges the mathematical r e l a t i o n s h i p s , operates on them, 
having selected the appropriate data from the i n i t i a l Slater 
analysis, and p r i n t s a selection of teaching p r o f i l e s . I t i s 
these p r o f i l e s alone which are returned t o the respondents as 
feedback. 
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THE PRINTOUT-FEEDBACK TO THE RESPONDENT 
The reader w i l l have realised that the analysis represents a 
sophisticated mathematical treatment of the g r i d , which i t s e l f 
i s a powerful instrument. Clearly there i s a pr^issing need t o 
present the output from the operation i n a manner which does not 
bewilder the respondent who w i l l f o r the most pa r t , be a 
p r a c t i s i n g teacher who may have l i t t l e knowledge of, or a desire 
to become involved i n , the i n t e r p r e t a t i o n of such a numerical 
analysis. The TARGET p r i n t o u t , t h erefore, consists of a number 
of simple p r o f i l e s presented i n a way found to be both a t t r a c t i v e 
and e a s i l y interpreted by respondents. At l e v e l one there are 
f i v e pages of feedback. Of these, the f i r s t consists of a 
statement designed to ass i s t the respondent when i n t e r p r e t i n g the 
p r o f i l e , and the l a s t a l i s t of a l l the constructs used by the 
respondent i n completing the g r i d . I t w i l l be recalled 
(Figure 10.1.) that each l i n e of the g r i d requires the respondent 
to w r i t e i n his own words why two of the three c e l l s ( i d e n t i f i e d 
by shading) are s i m i l a r and yet, by the same token, d i f f e r e n t 
from the t h i r d . Reference to Figure 10.2. w i l l reveal how these 
constructs were w r i t t e n by one respondent, f o r t h i s i s a repro-
duction of an actual g r i d . The l i s t of constructs on the f i f t h 
page of the p r i n t o u t w i l l , t herefore, be a complete record of a l l 
the words used by the respondent when he o r i g i n a l l y completciJ the 
g r i d . 
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I t i s to the middle three pages that a t t e n t i o n should now be 
directed. Each of these consists of a »profile* which i t s e l f 
i s sub-divided i n t o two, f i r s t l y the "weighted p r o f i l e " and, 
secondly, the "construct p r o f i l e " (See figures 10.3., 10.^., 
10.5.) 
FIGURES 10.3., 10.^.; 10.5. ABOUT HERE 
The weighted p r o f i l e i s a' bar chart designed t o give an 
immediate v i s u a l impression of the c h a r a c t e r i s t i c s present or 
absent i n the pedagogic s t y l e represented by th a t p r o f i l e . . 
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FIGURE 10.5 
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There w i l l be a number of bars e i t h e r to the r i g h t or to the 
l e f t of the cen t r a l v e r t i c a l l i n e . The number of bars found 
to be s i g n i f i c a n t i n the analysis i s c l e a r l y i ndicated. A 
respondent with more than four s i g n i f i c a n t bars (some respondents 
have up to eleven) has an a b i l i t y to appraise a teaching act, be 
i t personal or otherwise, i n an open and unbiased manner. 
However, less than three s i g n i f i c a n t bars on hi:; p r o f i l e 
indicates a d i s t i n c t l y lower than average a b i l i t y t o recognise 
and appreciate d i f f e r i n g pedagogic practices f o r t h e i r i n t r i n s i c 
worth. 
Visual examinations of the three weighted p r o f i l e s provides 
immediate feedback i n terms the s i m i l a r i t i e s and differences 
between the respondent's perception of his own teaching s t y l e 
and his perceptions of e f f e c t i v e and i n e f f e c t i v e teaching 
styles respectively. These weighted p r o f i l e s provide a v i s u a l 
and immediate comparison of pedagogic styles as perceived by 
the respondent. There is^a need, however, to provide a 
descriptive analysis of the weighted p r o f i l e i n order t o a s s i s t 
the respondent when i n t e r p r e t i n g the nature of any v i s u a l mis-
match between p r o f i l e s . The 'construct p r o f i l e * i s intended to 
do j u s t t h i s , at two l e v e l s . 
F i r s t l y , i t enables the respondent t o i n t e r p r e t the meaning of 
each bar on the weighted p r o f i l e by reading his own words, the 
construct p r o f i l e being made exclusively from the words he used 
i n completing the o r i g i n a l g r i d . No-one else can i n t e r p r e t his 
p r o f i l e -as only the respondent t r u l y knows what he meant by the 
words used. Secondly, by reading downwards, as a l i s t , he i s 
able to formulate an accurate p i c t u r e of the teaching s t y l e s 
described by the weighted p r o f i l e . 
Directing a t t e n t i o n i n p a r t i c u l a r to Figure 10.3. i t can be seen 
tha t the respondent i n t h i s example construes i n *^oi:r dimensions 
(four bars). This represents his view of effective-teaching of 
his d i s c i p l i n e , Physics i n t h i s case. I t can be seen that each 
of the four bars represents " q u a l i t i e s " - of teachinci i n 
descending order of importance: i n f a c t about 27% of " e f f e c t i v e 
teaching" i s perceived as a r i s i n g from component one; Z0% from 
component 2; 10% from component 3 and Q% from component ^, with 
the balance supplied by a range of other components not found to 
• 
be s i g n i f i c a n t . 
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For each bar the four constructs p r i n t e d under the construct 
p r o f i l e can be used by the respondent, and only by him, t o 
determine a meaning f o r the f i r s t component. S i m i l a r l y , the 
other bars are described by the four constructs p r i n t e d along-
side the appropriate bar* I n every case the sequence of the 
four constructs, reading from the top, indicates the order i n 
which they define the component i n question. Thus, i n 
Figure 10,3., the f i r s t component i s best described by "Allows 
student i n t e r a c t i o n " (whatever the respondent understood t h a t t o 
mean), next by "Inculcates c u r i o s i t y , " and so on. 
Experience has shown t h a t , although respondents are able t o 
i n t e r p r e t both the weighted and construct p r o f i l e s w i t h ease and 
without formal consultancy^ many (about 60^) have s a c r i f i c e d 
t h e i r anonymity by approaching the TARGET project s t a f f and 
asking f o r the optional consultancy service o f f e r e d , and 
referr e d t o e a r l i e r i n t h i s paper. 
The security of TARGET i s highly prized by the authors as a safe-
guard f o r p o t e n t i a l respondents and the system devised has 
proved most acceptable. I t should be made e x p l i c i t t h a t at 
no time would, or indeed could, data be made available t o 
* administrators' i n a way which enabled respondents t o be 
i d e n t i f i e d . Any fu r t h e r development of the TARGET project w i l l 
continue to maintain t h i s p o l i c y . 
In conclusion, comments upon r e l i a b i l i t y and v a l i d i t y of g r i d 
methodology would seem to be appropriate. Reference t o the 
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standard work on repertory g r i d usage, namely Bannister & Hair 
(1968) w i l l indicate the special consideration t h a t has to be 
given to these concepts when applied to repgrids. Tests are 
b u i l t onto the analysis t o ensure i n t e r n a l r e l i a b i l i t y , and 
respondents f o r whom these t e s t s i ndicate suspect re.'^ponses are 
informed of the f i n d i n g but are not provided w i t h a set of 
p r o f i l e s . I n the region of 2% of a l l g r i d s completed have to 
be rejected e i t h e r because of a f a i l u r e on the t e s t , or due t o 
the element sample proving unrepresentative f o r t h a t respondent. 
Test-retest r e l i a b i l i t y i s poor (0.2 and not s i g n i f i c a n t ) when 
feedback i s provided but i s s i g n i f i c a n t at the 0.1 l e v e l when 
feedback i s withheld, the exercise being r e p l i c a t e d with common 
elements and common constructs four months l a t e r . Thus the 
evidence shows that exposure t o the feedback does a l t e r the 
respondent's perception, both of himself and e f f e c t i v e teaching, 
although i n common with the f i n d i n g of Franseil<" (1970) i t i s 
the mode of d e f i n i t i o n of components which changes more r e a d i l y 
than the number of components found s i g n i f i c a n t . 
Face v a l i d i t y i s high, respondents r e a d i l y agreeing t h a t the 
system works. The research f i n d i n g s suggest t h i s view but, 
nevertheless, i n common with other researchers using repgrid 
techniques, i t must be said t h a t r e l i a b i l i t y and v a l i d i t y o.-c 
d i f f i c u l t , to quantify i n any meaningful way. Thus, f o r the 
c r i t i c , who adopts a stance specifying the need f o r a polished 
and convincing argument based on t r a d i t i o n a l l i n e s , there i s 
s t i l l no s a t i s f a c t o r y answer, save the only tr u e t e s t of 
v a l i d i t y , namely, i n v i t i n g him to become a respondent conducting 
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.personalised phenomological appraisal. Once experienced, the 
technique generates an appeal which comes from the e x p l i c i t 
r e v e l a t i o n of fac t s i m p l i c i t l y acceptable, but otherwise hidden 
from the external world of the observer. 
I n conclusion, such evidence t h a t i s avail a b l e i n these early 
stages of TARGET operation tends t o support an i n i t i a l claim 
made fo r the system, namely, t h a t i t i s seen by teachers to o f f e r 
a useful service, I f t h i s i s the case i n the longer term, i t 
might be speculated t h a t those concerned with the improvement 
of teaching effectiveness i n the FE/HE sector w i l l f i n d i n 
TARGET a useful t o o l which, at the very l e a s t , w i l l generate 
conversations about e f f e c t i v e teaching, an important f i r s t step 
i n improving teaching climate. 
10.3. I t i s not the author's i n t e n t i o n t o repeat the r e s u l t s i n 
t h i s chapter that have been discussed i n the previous two 
chapters, however i t i s considered important t o h i g h l i g h t the 
fa c t t h a t many observations are.in opposition to what/expected 
by both the hypotheifs and popular opinion. Such an example i s 
hypothesis 3 where popular opinion considered, as did the author, 
that students would see overcoming the hurdle of an examination 
r:cre important than reading physics f o r i t s own sake. There i s 
clear evidence to show the opposite view i s t r u e . 
One does not require the expertise of a curriculum developer t o 
see t h a t such a mismatch of perceptions would have major 
implications f o r the way a teacher might order and present the 
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material i n the syllabus. 
S i m i l a r l y , there i s evidence t o suggest t h a t pedagogic 
c r i t e r i a of teaching effectiveness do feature s t r o n r l y i n the 
students* r e p e r t o i r e of c r i t e r i a f o r assessing teacher 
effectiveness, and yet our educational system makes no 
provision, at the time of v / r i t i n g , f o r teachers and students t o 
explore each other's d i f f e r i n g perceptions of what r o l e each 
should play i n developing an e f f e c t i v e learning environment. 
These are but two of the i n t e r e s t i n g and surpr i s i n g r e s u l t s . 
In conclusion one might summarise the r e s u l t s simply by saying 
t h a t popular opinion amongst teachers and students of physics 
does not generally r e f l e c t the true r e l a t i o n s h i p s . 
l O . ' f . l . Given the comments of the previous paragraph what lessons 
are t o be lea r n t from the findings and what new questions have 
emerged which may be worthy of subsequent research? 
lOA.?-, The research was not designed t o be, and has not evolved 
i n t o , a p r e s c r i p t i v e scenario. The author can only maintain 
his p o s i t i o n i n a descriptive arena and o f f e r the r e s u l t s t o 
those interested i n reading them as a means of h i g h l i g h t i n g the 
vo r . f l i c t s of perception which have been i d e n t i f i e d . Many 
questions need to be answered but the author believes his 
re s u l t s don't specify the answers, but show the need to ask 
questions about areas normally ignored. The questions can 
only be framed by the p r a c t i t i o n e r supplied w i t h the information 
about his teaching arena unique t o him. 
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I t i s with some regret that the author has not been able to 
provide more convincing evidence t o suggest t h a t mixed a b i l i t y , 
common a t t i t u d e learning groups demand, i n order t o learn more 
e f f i c i e n t l y , a common pedagogic experience. His i. i ; t u i t i v e 
b e l i e f t h a t t h i s i s so remains unshaken and the evidence which 
has become ava i l a b l e , w h i l s t not s t a t i s t i c a l l y s i g n i f i c a n t s t i l l 
i d e n t i f i e s t h i s as an area where research might p r o f i t a b l y be 
continued. The author, i n conjunction with the approval of his 
i n s t i t u t i o n of employment have appointed a research assistant 
s p e c i f i c a l l y mandated t o develop the TARGET project over the 
1977 - 1980 period, with p a r t i c u l a r a t t e n t i o n being directed 
towards t h i s a t t i t u d i n a l question. The author w i l l be 
d i r e c t i n g some of his a t t e n t i o n towards an i n v e s t i g a t i o n of the 
a p p l i c a b i l i t y of the r e s u l t s contained t h e r e i n to the secondary 
school system and across d i s c i p l i n e boundaries* 
10.5. I t would be true t o report t h a t the thesis contains 
i n t e r p r e t a t i o n s of the data which r a i s e many a d d i t i o n a l 
questions, many of which merit extensive f u r t h e r research three 
of which are being a c t u a l l y pursued by research e f f o r t on the 
part of the author and others, namely: 
i ) The a t t i t u d i n a l question of paragraph (10.^.2.) 
i i ) The a p p l i c a b i l i t y of conclusions to secondary schools 
(10.^.^.) 
i i i ) The methodological development (10.5.) 
The ' o f f - s p i n ' benefit of the research has already been 
i d e n t i f i e d as centred on the methodology. At the time of 
w r i t i n g , the basic methodology, developed t o make expl.'cit 
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pedagogic s t y l e s , i s being used operationally w i t h i n the TARGET 
project, of which the author was a d i r e c t o r , and f o r which a 
research assistant has been appointed, and a research grant 
sought. 
An i d e n t i c a l methodology embellished w i t h new videotapes of 
managers and salesmen has been successfully used by a company of 
management consultants with c l i e n t s including a major European 
Motor Manufacturer. 
The operational uses of the methodology as described e a r l i e r i n 
t h i s paragraph accepts the inherent weaknesses w h i l s t researcli 
i s being conducted by the author i n conjunction with computer 
programming experts t o overcome these d i f f i c u l t i e s (as discussed 
i n e a r l i e r chapters). This a c t i v i t y has resulted i n the 
development of a programme which, i f found t o be s a t i s f a c t o r y 
a f t e r p i l o t i n g , w i l l enable the analysis used i n the research t o 
be conducted without many of the concerns expressed i n the 
discussion chapter dealing with-the g r i d analysis. 
10.6. I n concluding t h i s thesis the author i s p a i n f u l l y aware of 
how l i t t l e progress has been made i n t o an extremely complex 
area, more questions have been i d e n t i f i e d as worthy of 
in v e s t i g a t i o n than have been answered and the author i s forced 
to conclude t h i s thesis by saying t h a t f a r from f i n i s h i n g a 
research project he finds himself standing on the threshold of 
an e x c i t i n g and r e l a t i v e l y unexplored area. 
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APPENDIX 1 
A review of a t t i t u d e inventories 
31^^ 
Appendix 1 considers a de t a i l e d review of e x i s t i n g i n v e n t o r i e s . 
An e f f e c t i v e a t t i t u d e inventory should e x h i b i t some fundamental 
c h a r a c t e r i s t i c s . F i r s t l y , i t should r e f l e c t some underlying 
t h e o r e t i c a l construct. Secondly, where d i s t i n c t variables can be 
i d e n t i f i e d from amongst i t s elements, these must be kept d i s t i n c t 
from one another and not added together, (nor indeed operated upon 
by some other unacceptable process), t o produce some meaningless 
t o t a l score, and t h i r d l y , i f i t i s used as an instrument t o 
measure outcomes from a * process* upon which some * treatment' has 
been applied, then there must be some defensible connection with 
the treatment being studied and the instrument. An i n v e s t i g a t i o n 
of the psychological and educational l i t e r a t u r e on a t t i t u d e s over 
a period i n excess of h a l f a century reveals instruments which, 
although designed with the objective of measuring an a t t i t u d e , 
appear to e x h i b i t some*weaknesses. The majority of these defects 
r e s u l t from a f a i l u r e t o ensure t h a t the a t t i t u d e ccale does not 
e x h i b i t any of the types of defect described e a r l i e r . 
A lack of appreciation of what measurement means can lead t o 
these defects. An example follows t o i l l u s t r a t e how some 
t h e o r e t i c a l defects might a r i s e . Suppose one wishes t o measure 
the physical property of some object, a b o t t l e of wine, f o r 
example. We assign numbers t o some a t t r i b u t e of the object i n 
accordance with some set of r u l e s . S t r i c t l y speaking we do not 
measure the b o t t l e of wine, we measure some w e l l defined and 
conceptually clear aspect of i t . V/e may, f o r example, measure 
i t s mass, i t s volume and i t s opacity. I f a researcher 
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hypothesises that the rate of increase i n blood alcohol content i s 
related to the opacity of the wine, the onus i s on him t o specify 
exactly what he means by these terms and how he proposes to go 
about measuring them. The numbers th a t have been recorded, 
corresponding t o the measurements of mass, volume and opacity may 
be operated upon i n a v a r i e t y of ways. The outcomes of such 
operations may be useful or useless and meaningful or meaningless. 
Clearly, i t i s not possible f o r a measurement to be both 
meaningless and useful, but the other combinations are possible. 
One can^ f o r instance, divide the mass of the wine by i t s volume 
to compute i t s density, a meaningful and useful value f o r both the 
winemaker and the consumer interested i n having a means of knowing 
the alcohol content. (The s p e c i f i c g r a v i t y can easily be found 
from the data available and t h i s i n t u r n i s r e l a t e d to alcohol 
content). Consider now the number obtained by adding together 
the opacity and the volume. Such an operation y i e l d s absolutely 
no information, the number i s uninterpretable, mcanii-^gless and 
useless! To conclude the example a meaningful but useless 
concept needs to be i d e n t i f i e d . Such a concept i s MV (Mass x 
Volume), which w i l l generate a number which w i l l become larger as 
the quantity of wine increases. I t can be represented gr a p h i c a l l y , 
and i s c l e a r l y meaningful but as i t has no p r a c t i c a l a p p l i c a t i o n or 
value i t i s therefore useless. To r e t u r n t o a t t i t u d e measuron'ier.r 
the warning pointed up by the example i s t o avoid combining 
together d i f f e r e n t measurements unless there i s a compelling 
t h e o r e t i c a l or p r a c t i c a l reason f o r doing so. 
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An instrument developed by Harrison (1971) exemplifies a kind of 
defect which could be described as a lack of t h e o r e t i c a l construct. 
The instrument sought t o assess the a t t i t u d e s of stut.i:^j.l-s, i n a 
college of technology, to t h e i r course. As w i t h the vtaz'^ of Genn 
(1970), i t i s c l e a r l y possible to i d e n t i f y and define t h e o r e t i c a l 
constructs such as ' s a t i s f a c t i o n w i t h course' and develop suitable 
measuring instruments f o r such constructs. Harrison, however, 
omitted t o do t h i s . Consider some examples of his elements: 
(a) 'Travelling t o t h i s college i s a d i f f i c u l t business.' 
(b) 'No fees should be charged f o r my course here.' 
(c) 'My lect u r e r s t e l l me what to learn and no inc; -^  than t h a t . ' 
D3es agreement with (a) r e f l e c t s a t i s f a c t i o n ( I t ' s hard t o get 
there, but worth the e f f o r t ) or d i s s a t i s f a c t i o n ? Does agreement 
with (b) r e f l e c t a t t i t u d e s to college, or the respondent's economic 
condition? Does agreement w i t h (c) r e f l e c t s a t i s f a c t j c n (I'm a 
dependent type and I l i k e to be t o l d what t o do) or d i s s a t i s f a c t i o n 
(the course i s f a r too narrow)? The items quoted are not isolated 
examples and many others could be c i t e d . 
I f the user of Harrison's instrument tabulated and i n t e r c o r r e l a t e d 
the scores, as might be done by opinion survey agencies, the items 
may be considered appropriate, but as soon as item scores are summed 
the absence of any t h e o r e t i c a l r a t i o n a l e renders a t t i t u d e scale 
theory e n t i r e l y inapplicable and s t a t i s t i c a l techniques (e.g. s p l i t 
h a l f r e l i a b i l i t y t e s t i n g ) completely i r r e l e v a n t . 
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I t i s possible to question the inventory of Shah (196. r his 
'Attitude to Science Course a t Training College.' As • Harrison, 
Shah does not base his elements on a single construct. * both 
cases (Harrison and Shah) a high score would indicate a good match 
between the respondents' opinions and the scale constructors' model 
of what constitutes a 'good' a t t i t u d e . By the same token, a low 
score would indicate a mismatch of perception between the scale 
constructor and the respondent, but an intermediate score would be 
meaningless and useless. These t e s t designers should not have 
applied summated r a t i n g techniques, indeed any test/i n v e n t o r y 
designer should ensure t h a t a l l the elements do have something i n 
common before the responses to separate items may be added together 
to produce a meaningful t o t a l score. 
Defects associated with the confusion of variables are less 
elementary than defects associated with summated r a t i n g techniques. 
A review of the scales published reveals t h a t generally some 
attempt i s made to ensure the items possess something i n common. 
Consider the scale constructed by Selmes (1971) and used by Wilmut 
(1971 and 1973). Some of the scale items are: 
(a) 'The cold dispassionate s c i e n t i s t i s a mythical animal.' 
(b) 'Science i s a f i x e d and c l e a r l y defined body of 
knowledge.• 
(c) 'There i s no such t h i n g as unprejudiced observation; 
every act of observation we make i s biased.' 
(d) 'Science i s boring.' 
The scale purports t o measure ' a t t i t u d e towards science and 
s c i e n t i s t s . ' This assumes t h a t the a t t i t u d e i s a s i n g l e , 
unidimensional t r a i t . I t can be argued that t h i s assumption i s 
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unwarranted and f a l s e , and that the single t o t a l scors- yielded by 
the scale represents a confused mixture of separate v a r i a b l e s . 
Wilmut (1971) l i s t s twenty components of s c i e n t i f i c a t t i t u d e s 
i d e n t i f i e d by Diederich (1967); scepticism, f a i t h i n a b i l i t y t o 
solve problems, desire f o r experimental v e r i f i c a t i o n , p r e c i s i o n , 
h u m i l i t y , aversion to s u p e r s t i t i o n , and so on. Such a l i s t merely 
serves t o i d e n t i f y a t t r i b u t e s t h a t s c i e n t i s t s have, or are presumed 
to have. They are apparently d i s t i n c t a t t r i b u t e s ( j u s t as mass, 
volume and opacity are d i s t i n c t a t t r i b u t e s of b o t t l e s of wine). 
They are not necessarily unrelated a t t r i b u t e s ; people's scepticism, 
f o r example, might be correlated with t h e i r aversion to s u p e r s t i t i o n , 
( j u s t as b o t t l e s of wine of large volume tend to be heavier than 
those of less volume).. 
However, many of the a t t r i b u t e s l i s t e d are l i k e l y t o be 
psychologically d i s t i n c t ; h u m i l i t y and desire f o r experimental 
v e r i f i c a t i o n f o r example, are probably unrelated. I f t h i s 
argument i s accepted, then i t i s unwise t o assume t h a t thei'e i s a 
singl e , unidimensional t r a i t c a l l e d 'the s c i e n t i f i c a t t i t u d e ' 
which can somehow be measured by adding up scepticism plus f a i t h 
plus precision plus h u m i l i t y . This i s , however, the argument t h a t 
V/ilmut uses. Following his presentation of Diederich*s l i s t , he 
asserts: 'Thus a scale which seeks to determine the a t t i t u d e s of 
s i x t h form students towards science and s c i e n t i s t s would need t o 
contain items which are relevant t o each of these a t t r i b u t e s . ' 
(Wilmut, 1971). 
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Wilmut develops a scale based not on Diederich's l i s t but on an 
amalgam of a shorter l i s t of a t t i t u d e s i d e n t i f i e d by Aiken and 
Aiken (1969), i n t h e i r review of the l i t e r a t u r e on a t t i t u d e to 
science, and a scale already devised by Selmes (1971). This scale 
contains items of four types: 
(a) items which r e f e r to s c i e n t i s t s and t h e i r work; . 
(b) items which r e f e r to science i n general terms; 
(c) items which stated an opinion about science as a method 
of i n v e s t i g a t i o n ; 
(d) items which are e i t h e r emotive i n form or thought t o have 
a l a t e n t r e l a t i o n s h i p w i t h other items. 
The f i r s t three types of items correspond to the categories i n Aiken 
and Aiken's review namely: (a) a t t i t u d e s towards s c i e n t i s t s , 
(b) a t t i t u d e s towards science and (c) understanding of the 
s c i e n t i f i c method. The t h e o r e t i c a l construct underlying the f o u r t h 
i s more d i f f i c u l t to discern J 
The feature of both Seimes' and V/ilmuts' Scale which makes them 
unacceptable to the author i s t h a t a l l the items are treated as i f 
they were c o n t r i b u t i n g to a unidimensional t r a i t , i . e . a student's 
a t t i t u d e to science and s c i e n t i s t s * i s the sum of his responses t o 
a l l the items i n the instrument. Once again the same argument i s 
used, namely t h a t the way to measure cr* a t t i t u d e i s to i d e n t i f y 
a t t r i b u t e s and then add them a l l together. The i m p l i c i t assumption 
i s t h a t a t t i t u d e s to science, a t t i t u d e s t o s c i e n t i s t s and under-
standing s c i e n t i f i c method are a l l j u s t aspects of a single 
va r i a b l e . This i s of course simply not the case. 
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There are some strategies which could be adopted to minimize the 
r i s k of defects of t h i s kind. For instance the data would be more 
v a l i d i f at the o r i g i n a l questionnaire design stage Thurstone type 
scales are used. I n t h i s technique, judges are presented with a 
single scale de s c r i p t i o n , together with a l l the items supposedly 
belonging on t h a t scale. Thurstone type procedures are then 
applied (even though the scales might u l t i m a t e l y be scored using 
L i k e r t type procedures). The judges rat e each item, often on an 
11 point scale, on a continuum running from an extremely favourable 
a t t i t u d e to an extremely unfavourable a t t i t u d e . (The r a t i n g r e f e r s 
to the strength of the a t t i t u d e expressed by the item, and not the 
judges' personal opinions). V/hen t h i s procedure i s c a r r i e d out, 
ambiguous or i r r e l e v a n t items tend to be given e i t h e r a wide range 
of r a t i n g s or a f a i r l y neutral median r a t i n g . Such items can be 
eliminated. The same procedure i s then used f o r each of the other 
scales. Items which survive can then be randomly assorted w i t h i n 
a single instrument; the separate scales are of course scored 
separately. Gardner (1972) has used t h i s technique i n 
constructing scales measuring various aspects of a t t i t u d e s to 
physics. Both the s o r t i n g procedure and the r a t i n g procedure 
require an e x p l i c i t statement of the underlying construct that i s 
being measured. A t e s t of conceptual c l a r i t y i s the inventory 
designer's a b i l i t y to communiate hi s constructs t o h i s panel of 
judges, and his a b i l i t y t o w r i t e items which r e f l e c t those constructs 
Should he f a i l i n t h i s task the r e s u l t i n g range of 'scores' assigned 
to each element by the panel of judges indicates the unsatisfactory 
nature of the instrument. 
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A second strategy might be to use f a c t o r analysis which can then 
provide a f u r t h e r basis f o r a l l o c a t i n g items to scales, f o r 
v e r i f y i n g the uniqueness of the various constructs, or f o r reducing 
the number of scales when some of them are shown to be redundant. 
I f empirical evidence were available t o show t h a t a t t i t u d e s t o 
science, a t t i t u d e s to s c i e n t i s t s and understanding are a l l strongly 
i n t e r c o r r e l a t e d , then addition to form a single unidimensional scale 
would be j u s t i f i e d . I n the absence of such evidence, the variables 
should be measured separately and not added together. Two strands 
of evidence are available which suggest t h a t these variables are not 
strongly i n t e r c o r r e l a t e d , thus supporting the contention that they 
should be kept apart. The f i r s t strand i s derived from the work of 
Jackson (1963)"who has reviewed the l i t e r a t u r e on the r e l a t i o n s h i p 
between the achievement of elementary school pupils and t h e i r 
a t t i t u d e s to school. 'Commonsense' might suggest t h a t achievement 
ought to be correlated w i t h a t t i t u d e . S u r p r i s i n g l y , the 
correlations usually turn out to be exceptionally low. Thus 
Wilmut*s assumption that poor understanding might be expected t o 
lead to emotionally unfavourable a t t i t u d e s i s questionable. 
The second strand of evidence comes from an i n v e s t i g a t i o n 
(Gardner, 1972) i n which Australian high school physics students 
were measured on four a t t i t u d e variables; a t t i t u d e towards 
discovery learning, a t t i t u d e s towards the openness of physics 
(Whether the student saw physics as f l e x i b l e and dynamic, or s t a t i c 
and unchanging), a t t i t u d e towards s c i e n t i s t s (eccentric or normal) 
and enjoyment of physics* Each of these items' a t t i t u d e was 
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measured, by a separate ten-item L i k e r t type scale; the items were 
randomly assorted w i t h i n the ^0 item instrument* The corrected 
s p l i t - h a l f r e l i a b i l i t y c o e f f i c i e n t s f o r the four scales lay i n the 
range .75 to .89; the six i n t e r c o r r e l a t i o n s between the scales lay 
between and .35. Thus, while the various a t t i t u d e s were 
correlated with one another (e.g. pupils who enjoy physics tend to 
regard s c i e n t i s t s as more normal), the f a c t t h a t the i n t e r c o r -
r e l a t i o n s are very much smaller than the r e l i a b i l i t i e s indicates 
that the variables are quite d i s t i n c t . Factor analysis of the item 
responses provides f u r t h e r evidence of the uniqueness of the four 
scales. Here, then, i s clear evidence t h a t a t t i t u d e s towards 
s c i e n t i s t s and a t t i t u d e s towards the study of a s c i e n t i f i c subject 
are not the same t h i n g . 
The Selmes scale i s not the only one t o attempt such a reduction. 
For example, i n an instrument e n t i t l e d A t t i t u d e Toward Science 
(Shah, 1962), some of the items r e f l e c t i n t e r e s t i n science ( ' I l i k e 
science as a hobby') while others r e f l e c t the respondent's 
a t t i t u d e s t o the significance of science i n society ( * I f e e l that 
science has grown up with the primary purpose of serving humanity*). 
The research evidence shows t h a t these are d i s t i n c t variables which 
ought to be measured separately and not mixed together i n t o a single 
score. Later research using other scales ( N u t t a l l , 1971; Ormerod, 
1971 and 1973) shows that these variables are co r r e l a t e d , but are 
c e r t a i n l y not i d e n t i c a l . 
A f u r t h e r example is.provided by the work of Gaster (1972), who 
conducted an i n v e s t i g a t i o n of sixth-form science, mathematics and 
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technology courses and administered a number of inventories, 
including a Science Motivation scale. The scale consisted of 
three d i s t i n c t sections. The f i r s t section presented a l i s t of 
26 occupations of which l^ t were applied s c i e n t i f i c / t e c h n i c a l ; 
respondents were asked t o t i c k a l l t h a t they f e l t would be 
i n t e r e s t i n g . The second section consisted of 12 multiple-choice 
cognitive items re q u i r i n g students to demonstrate understanding of 
aspects of science i n d a i l y l i f e , e.g. MYhich contributes most of 
the e f f i c i e n c y of a thermos flask? Glass/silvering/vacuum.* 
The t h i r d section (hobbies and influences) contained eight 
assorted items asking about the respondent's i n t e r e s t s , his father's 
occupation and other matters. Scoring procedures were not 
e x p l i c i t l y described, but apparently the single Science Motivation 
score was obtained by adding the number of s c i e n t i f i c occupations 
t i c k e d , the number of "correct" cognitive items and the number of 
science-based responses i n the 'hobbies and influences' section. 
The r a t i o n a l e f o r such a procedure i s unclear. The researcher was 
interested i n measuring c r e a t i v i t y as a c r i t e r i o n v a r i a b l e ; the 
Science Motivation scale, i t i s claimed, measures 'dominant 
motivation facto r s which might have influenced the subjects' 
performance i n the c r e a t i v i t y aspect of the ba t t e r y . ' Simply 
combining cognitive and a f f e c t i v e items and assuming t h a t t h i s 
combination measures motivation represents dubious psychometric 
technique. 
A f i n a l i l l u s t r a t i o n here i s provided by the work of Bollen (1972) 
who devised an instrument to measure teachers' a t t i t u d e s to the 
'philosophy' of the N u f f i e l d primary "science course. I n many 
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respects t h i s i s a good scale; the items are w e l l v / r i t t e n and there 
has been a clear attempt to r e l a t e t h e i r content t o an e x p l i c i t 
r a t i o n a l e . 
The r a t i o n a l e consists of a number of value judgements held by 
developers of the N u f f i e l d course. The key phrases i n these value 
judgements are: 
(a) The teacher does not need to be a subject s p e c i a l i s t . 
(b) He should not f o l l o w a set syllabus. 
(c) The children should be allowed t o work i n groups. 
(d) I n v e s t i g a t i o n should be by p r a c t i c a l means wherever 
possible. 
(e) The object .... should be t o promote an a t t i t u d e to open 
ended enquiry. 
( f ) The teacher should have f a i t h ( i n the approach). 
This c o l l e c t i o n forms a 'philosophy,' but i t does not r e f l e c t a 
single t h e o r e t i c a l construct. There are a t le a s t two dimensions 
underlying t h i s c o l l e c t i o n ; b e l i e f i n child-centredness, and b e l i e f 
i n subject specialism. Statements (b) to (e) could probably a l l be 
regarded as aspects of the child-centred vs. the teacher-dominated 
dimension. However, the f i r s t value judgement r e f l e c t e d i n the item 
'A teacher must have a good s c i e n t i f i c background' hardly belongs on 
the same dimension. A teacher with a good N u f f i e l d a t t i t u d e i s 
supposed to disagree with the item. Yet i t seems p e r f e c t l y 
r a t i o n a l f o r a teacher to believe i n a child-centred science 
curriculum and s t i l l believe t h a t a good science background i s 
he l p f u l f o r teaching i t . I n other words, i t i s possible t o believe 
that subject s p e c i a l i s t s make better teachers, or t h a t c h i l d centred 
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education i s valuable, or both, or neither. I t follows t h a t 
teachers' views about subject specialism and t h e i r views about c h i l d -
centred education ought t o be measured using separate scales; . they 
are not reducible to a single score. 
The t h i r d , and f i n a l , class of defect described e a r l i e r r e l a t e s to 
the need f o r an instrument to e x h i b i t some connection w i t h the 
treatment being applied i f the outcome i s hypothesised as being 
related t o the treatment. I f t h i s study were to make p r e s c r i p t i v e 
comments i n d i c a t i n g what teachers should do to change t h e i r students' 
a t t i t u d e s , then the measure of a t t i t u d e should e x h i b i t some 
defensible r e l a t i o n s h i p with t h a t which the teacher i s advised to 
'do»* ( i . e . the treatment). This kind of defect i s less c r u c i a l . 
i n t h i s research which does not conform t o the 'experimental 
p r e s c r i p t i v e ' type of p r o j e c t , and yet the p o s s i b i l i t y of t h i s kind 
of defect needs to be considered i n evaluating e x i s t i n g instruments 
f o r possible use by the author. 
Much research i n the s o c i a l and medical sciences conforms to the 
model the author has calxed 'experimental p r e s c r i p t i v e , ' which may 
be simply defined as apply treatment X and measure outcome Y. 
In any experimental s i t u a t i o n , an unlimited number of treatments 
could be applied and an unlimited number of outcomes could be 
studied. How, then, does the researcher decide what t o do? 
Frequently, but not always, he i s guided by some s o r t of theory. 
For example, i f treatment X i s add f l u o r i d e t o town water supply 
and outcome Y i s incidence of tooth decay, the two apparently 
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unrelated e n t i t i e s are connected by a theory which t e l l s us how 
f l u o r i d e s a l t s are incorporated i n t o tooth enamel. I f a researcher 
comes up with the outlandish proposal t o study the e f f e c t s of 
f l u o r i d a t i o n upon the incidence of ingrown t o e - n a i l s , the onus i s 
upon him to j u s t i f y and explain why he thinks there might be a 
connection between the two. 
Unfortunately, many educational experiments belong t o the 
fluoridation/ingrown toe-nails category. I t i s often less obvious 
th a t they do, because the i n v e s t i g a t o r can frequently mar»k the lack of 
connection between treatment and outcome by the use of pla u s i b l e 
language. For example, i n the study by Wilmut (1971 and 1973), the 
treatment was 'Nuffield A-Lcvel physical science' p r o j e c t work, and 
the outcome was a t t i t u d e s t o science. This i s not only p l a u s i b l e , 
but eminently reasonable u n t i l one looks a t the instrument used t o 
measure the outcome. 
I t i s important t o note t h a t a L i k e r t - t y p e scale i s nothing more 
than the sum of i t s parts; unless the experimental treatment 
a f f e c t s students' responses to a large number of the i n d i v i d u a l 
items, i t w i l l have no e f f e c t upon t h e i r a t t i t u d e score. I f the 
scale contains a large number of items which i n no way r e l a t e to the 
experimental treatment, then i t j'dghiy u n l i k e l y t h a t s i g n i f i c a n t 
treatment e f f e c t s w i l l be found. 
To persue t h i s kind of defect a l i t t l e f u r t h e r , we must look at 
f i v e more items from Wilmut-s scale. 
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(a) ' I t i s not possible t o study human beings s c i e n t i f i c a l l y . ' 
(b) 'Women s c i e n t i s t s are less feminine than other women.' 
(c) 'The basic moral r u l e of a s c i e n t i f i c society i s simple; 
mutual respect, i n t e l l e c t u a l honesty, and good w i l l . ' 
(d) 'The most important advances i n science are made by a few 
outstanding men.' 
(e) 'Scientists have proved t h a t God does not e x i s t . ' 
Since the research was s p e c i f i c a l l y concerned with the e f f e c t s of 
physical science project work, i t i s f a i r t o examine each item i n 
the c r i t e r i o n instrument c a r e f u l l y and ask, what i s the connection 
between project work and responses t o t h i s item? Are the treatment 
and the measured outcome manifestly related? Are the objectives 
of p r o j e c t work - which Wilmut discusses f u l l y i n an e a r l y chapter 
of his 1971 work-related t o students* responses to these items? 
Does project work i n physical science claim t o a l t e r students' views 
about the a p p l i c a b i l i t y of science t o the study of human behaviour, 
about the f e m i n i n i t y of ivomen s c i e n t i s t s , or about the fundamental 
morality underlying a s c i e n t i f i c society? I s there a theory t y i n g 
a l l these elements together? One suspects 'that the answers to 
these questions are a l l 'no.'' Since the scale i s composed of 
many more such items, i t i s hardly s u r p r i s i n g that no s i g n i f i c a n t 
differences were found between the experimental and the co n t r o l 
groups. P a r t l y t h i s i s a r e s u l t of the confounding of variables 
w i t h i n the scale, but not e n t i r e l y : even i f the c r i t e r i o n 
instrument were divided i n t o separate, well-defined scales, the 
question of the re l a t i o n s h i p between the treatment and outcome 
would s t i l l remain. 
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I n the l i g h t of t h i s discussion, i t i s perhaps per t i n e n t to note 
that scale v a l i d i t y i s not a property inherent i n a scale; i t 
depends very much upon the purpose f o r which the scale i s used. 
This i s considered f u r t h e r i n the section dealing with the v a l i d i t y 
of the author's scale. A s p a t i a l r e l a t i o n s t e s t may be v a l i d f o r 
measuring the e f f e c t s of play with blocks and construction k i t s but 
quite i n v a l i d f o r measuring the e f f e c t s of an audio-visual language 
course. Dr. A may construct an a t t i t u d e scale which he claims i s 
v a l i d but t h i s does not mean tha t Dr. B should use i t i n studying 
treatment e f f e c t s unless the t h e o r e t i c a l construct being measured 
by the scale can be shown to be re l a t e d i n some way to the 
treatment. 
The previous paragraphs may be considered to be excessively c r i t i c a l 
I t was not the author's i n t e n t i o n t o give the impression t h a t the 
area of a t t i t u d e measurement has not been adequately considered 
elsewhere, on the contrary, a t t i t u d e scaling i s an area of 
psychological research which has been extensively studied. 
However, before adopting an instrument already i n exis^*ence f o r a 
new research p r o j e c t , there i s a need to c a r e f u l l y screen the 
available inventories. As i n t h i s case many often have to be 
rejected. However, some instruments pass the screening and emerge 
as possible scales f o r adoption ivhich can then be considered i n 
r e l a t i o n to the s p e c i f i c research needs. The author found eight 
such scales. 
(a) Wilson-Patterson A t t i t u d e Inventory (WPAI) 
(b) Minnesota Student A t t i t u d e Inventory 
(c) Pupil a t t i t u d e measure. (Studies i n i n t e r - a c t i o n . . . 
analysis. Flanders 1960). 
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(d) Attitudes of Sixth-forms t o School (Josephs 1973) 
(e) Science A t t i t u d e Questionnaire (Skurnick & J e f f s 1971) 
( f ) Physics a t t i t u d e index (PAI) (Gardner 197^+) 
(g) Physics classroom index (PCI) (Gardner 1974) 
(h) Personal Preference index (PPI) (Gardner 1974) 
Each of the eight p o t e n t i a l l y useful measures i d e n t i f i e d i n the 
previous paragraph were then considered i n r e l a t i o n to t h e i r 
possible adoption, i n whole or par t , f o r the research. 
I n the six years since i t s f i r s t p u b l i c a t i o n , Wilson-Patterson 
A t t i t u d e Inventory (WPAI) has been widely used i n research projects 
around the world and i n consequence a large amount of information 
on i t s p r a c t i c a l a p p l i c a t i o n has been assembled. Certain rather 
dated items i n the questionnaire have been amended and others have 
been revised t o f a c i l i t a t e understanding or i n t e r p r e t a t i o n . I n 
addition to general conservatism, a number of other a t t i t u d e scales 
have been i d e n t i f i e d by fa c t o r analysis. Two are othogonal 
p r i n c i p a l component f a c t o r s ; conservatism-liberalism and realism-
idealism. The others are oblique primary f a c t o r s i n c l u d i n g : 
militarism-punitiveness, ethnocentrism-intolerance and r e l i g i o n -
puritanism. 
The Conservatism Scale remains incorporated i n the inventory but 
there i s now a r a t i o n a l e f o r scoring other a t t i t u d e scales from 
which a much more deta i l e d picture of the a t t i t u d e s and b e l i e f 
patterns of an i n d i v i d u a l or a group may be obtained. 
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I n terms of a t t i t u d e dimensions t h i s i s possibly the best measure 
available, however, t h i s research does not demand the i d e n t i f i c a t i o n 
of these f a c t o r s . 
Thus notwithstanding the q u a l i t y of the inventory i t c l e a r l y was 
not suitable f o r adoption by the author f o r t h i s research. 
A review of the 89 elements of the Minnesota Student A t t i t u d e 
inventory together with comments of the many researchers who have 
used t h i s measure provides evidence t o support the value of t h i s 
inventory as a research t o o l . There are some disadvantages not 
the least of which i s the time i t takes to answer the 89 elements! 
The measure i s strongly 'American' i n s t y l e and requires 
'an g l i c i s i n g ' before ap p l i c a t i o n i n Great B r i t a i n . The inventory 
i s capable of gi v i n g an i n d i c a t i o n of a t t i t u d e t o a p a r t i c u l a r 
teacher as well as a t t i t u d e t o school? t h i s i s p o t e n t i a l l y useful as 
the i m p l i c a t i o n i s t h a t those elements r e l a t i n g t o each factor could 
be i s o l a t e d and used alone. This ' e d i t i n g ' of a measure together 
with the need to an g l i c i s e the questions would necessitate pre-
t e s t i n g and v a l i d a t i n g the measure, and i n consequence exhibited 
l i t t l e p o t e n t i a l i n terms of resource saving over the design of a 
new instrument. 
Flanders, i n common with the author, was p a r t i c u l a r l y interested i n 
the e f f e c t s of the teacher on a t t i t u d e formation. He constructed a 
110 element a t t i t u d e scale from which he measured student a t t i t u d e s 
t o school, subjects and teacher which he c a l l e d the Pupil A t t i t u d e 
Measure. 
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I n common with the MAI t h i s instrument required a n g l i c i s i n g and was 
time consuming to complete. Certain elements ( p a r t i c u l a r l y from 
the a t t i t u d e t o science section) exhibited high face v a l i d i t y f o r 
t h i s research and were i d e n t i f i e d as p o t e n t i a l l y useful elements i n 
the construction of a new instrument should the review of e x i s t i n g 
instruments f a i l to i d e n t i f y a measure su i t a b l e f o r d i r e c t adoption 
by the author. 
Josephs who, with Smithers at Bradford, worked on Syllabus-bound and 
Syllabus-free student o r i e n t a t i o n s , developed i n h i s M.Sc. 
d i s s e r t a t i o n a very useful short (30 element) a t t i t u d e measure f o r 
sixth-form pupils. ( A t t i t u d e s of 6th, forms to school). A Few, 
about 20%, of the elements are non-specific to the 6th. form and 
could therefore be used i n a new questionnaire. This measure i s 
p a r t i c u l a r l y valuable i n th a t i t demonstrates t h a t a t t i t u d e measures 
do not have to be lengthy to be v a l i d , r e l i a b l e and u s e f u l . 
Skurnik and Jeffs Science A t t i t u d e Questionnaire i s also short. 
The factors which can be i d e n t i f i e d are: 
( i ) Science i n t e r e s t 
( i i ) Social implications of Science 
( i i i ) Learning a c t i v i t i e s . Although these r e l a t e t o Science 
i n general most would appear to be applicable s p e c i f i c a l l y 
to Physics. The section deals with the students' 
preference f o r techniques such as reading, being lectured 
a t , doing p r a c t i c a l work, etc. 
( i v ) Science Teachers. Although t h i s section deals adequately 
with an attempt t o measure the pupils a t t i t u d e t o his 
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teacher i t does not represent any substantial improvement 
over the sections of the general a t t i t u d e inventories 
reviewed which purport to measure a t t i t u d e to teachers. 
I t has exhibited a high . r e l i a b i l i t y c o e f f i c i e n t of 0.81. 
The weakness i n r e l a t i o n t o t h i s research i s i n the desire 
to quantify a student's a t t i t u d e t o his teacher as opposed 
to his perception of an 'i d e a l ' hypothetical teacher, 
(v) A t t i t u d e to School. A l l three items used to measure t h i s 
f actor also appear i n the other inventories considered. 
A l l three of Gardner's instruments, the Physics A t t i t u d e Index, 
Physics Classroom Index and Personal Preference Index (Gardner 
1974) can be considered together. These instruments are excellent 
examples of scale development, but nevertheless quite inappropriate 
for d i r e c t * adoption' f o r two reasons: 
(a) The instruments have been devised f o r use w i t h school 
children and i n consequence are inappropriate f o r 
undergraduate students and adults. 
(b) The instruments were devised f o r use i n the Australian 
c u l t u r e and no evidence e x i s t s t o suggest t h a t a d i r e c t 
t r a n s f e r t o the B r i t i s h c u l t u r e would prove acceptable. 
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.T:I.'L:-:K YOU 70?. TO ASSIST BY REPLYIUG TO THIS ••JJE^-i^IOKNAlHi 
vou< 
( i ) This r^ot a teot or exan, there are no 'corroct' cnsv;3r3 
so plor.30 rark the ro3p':nso which applies nost rea<lily to 
( i i ) Plea.'^ c v:rito your name belo;: i n the space indicated, lie ono 
that you \zno'^ (including your teacher/looturer and other 
stv.don'cs) v ; i l l coe your reply. 
( i i i ) Head each of the following statements then reply by placing 
a l i n e thjroujjh the nuuber (5, 4r 5r 2 or l ) vuiich aost 
readily a p p l i c 3 to you. 
( i v ) PloasG reply to a l l the statements, 
(v) The response i s 
5 stror-sly acpree with the statcxont. 
4 li" you mildly agrrce :v-ith the statement. 
3 l i you are not sure i f you a^rco or not. 
2 you n i i d l y disa£Te3 ^ ^ i t h the statenent. 
] I f you stronfi'ly disa^Tee v i t h the statement. 
HaL-e 
Codo: 
A 
Score: 
I / K S S / A V / A , n.c bent w.iy U learn About Phyoico la to l l a t f r i to a 
icctur*;);, vfj-.o knows i\ ^;rcat d c i i .ihovt '.ho nubjoct, 
Mlio in i c'Jf'^ tcoclier, and oi:3i.-orir.o th» facto 
A A * 5 4 5 2 ; 
1/:-:S3/AV/A . Fhyalcn Uxturciro frcquontjy ci:ccyrab'0 ''O 
«7.trn Yiorl: Jn Fhyolca wMch I do el-^aya or a i a o j t 
AJ> 5 4 7 2 1 
t / r A l / 2 4 / A V . : vould onjoy liavio^ n vacAtloa Job iji a T h j c i c a 
]AUorctory. 
DO 5 < y \ 
I / P F 1 / ? 0 / A V , I l l i e c c t t i n g ao nuch f\m oo I caa out of l i f e , 
ov.^ .i I f i t Ecar.i necl'tctine cy pr lvat t otudiefl l a 
I 'hyslca. 
P:;- 5 4 3 2 1 
l / r C l / 5 9 / A V . Xy Vhyui'.-; courao frovldcQ no w i t h icto of uaeful 
fiO'/icc fa: r e a l l i f e sitiiatiem* aa v e i l an tno 
fort.-',; academic content, 
D3+ 5 4 - 5 2 1 
l/rciA'Sa. "Al l Mvrk and nn r W * dffacrlbcs r y Phcolcs 
BD- 5 4 3 S 1 
l / r c i / l / t t » 3;"'r.-l a lot of tl:30 Ju Diyoico lonoono goir^. over 
eraa i'.".i-.t.T3, I enjoy t h i c . 
AC* • 5 4 > 2 1 
'•A-iiS/A, Gocd fffrforciuco on teota io rirnlly r5cy{;ni9cd in my 
r^iyflcc group, I HI;': th io . 
AIV* ^ 4 3 2 1 
l/i:3S/cf. I t la rcn-CT.-ibld to c^k Htudcr.to I c ICArn I c v c , l ^ t 
thvy :>hould noi bo told tho lavo before they do 
cxporimcnta, ti.ey should try to diocover tho iawa 
for thc:.toclvo3 f i r a t . 
B > 5 4 3 2 1 
l /rA'. / ' tS, I l i k e tho way Phyolca challtincca ua to f ind out vhy 
thin£3 hriiijea. 
Cr^ 5 4 3 2 1 
l / r A f / e . A rh;-:;icd cipcrlc^fnt io boot whon tho Inotrjct ior ia 
arc a l l l a i d out l a the toxtbook. 
FiA- 5 4 3 2 1 
t / P C l / 3 4 . Ir. rhynlcs , vo ceoa to dlt l icr about for a ion^ t l c e 
vlr.hf)ut Jeamln^ very wjch. 
I>A- 5 4 3 2 1 
P T O 
h^-r-oiin/; niiCcJ I^^-aica tor ln^ for z.o. 
Ck' 5 -i > 2 \ 
l / ? A l / 3 3 . In l-hy:;ic3 there are crr.y pro^jlcus for vhlch phyoiclula 
r.t 7r:.-yo:it do not uvcn know tho procedure for o'Dtainir^ 
t!*.o taowors. 
£:>+ 5 ^ 5 2 1 
l / ? A l / 2 9 / ; . . 'i')-.o ricT.icc tcxchcr wouM bo thr onn vho t^llo 
viv^ c3 uf.r.y I'aclc tbcut P h y t i c ; ao jicaoiVle-, rnthca" 
tl-.'-.n ccnc-^JitfQtln* on o'^?lftir.^i'<: -principU-a. 
AJ; 5 3 2 1 
' A s s , I l iko uiientlinj ny t i ro tJiirJcJjic ft^wt n.n(l dlncuonliv; co 
r.p3oT probicna i n Fr.yalca. 
5 '1 3 2 1 
l / ? j ; i / 5 - Phyaica i s vorth doinit whorhor you i/ant to oo a o c i c c t i -
ot or s e t . 
C O 5 4 3 2 1 
l /PAl / 36 . I t 1ft important'for a Phyol.^ict to in nble to throv ahoy 
v idc ly Accvj'ted iiicna And thLn'ic without r ^ d t r i c t i o n . 
B > 5 3 2 1 
I A A 1 / 2 , I enjoy rcadir..* beoko nbnut Phj-aico. 
c:-!* 5 3 2 I 
JlJj 1 / ^ A ; / I 7 . I don't ceo, why n Pl iyolc ist would •-•/uH- to 3;,cr.rt n?3t o f 
a \ ^ j * " * * ^ ^ ^ ^ " - * ^ oi l jcricci ito mid auai^-olrg th9 rosul to , 
l / r A l / t o , A Piii'ulca cr;iorir.ont i a ijood when ctudo.-it.i arc .'•:iver. op-' 
parntua nr.C told to Ciolvr, a problem, without infltraoi.i'7:iO 
cf how to do i t , ' That' o r c n l oxpnrirjont. 
Di:+ . 5 3 2 1 
\/?k\/\'5/k, When yoj learn a new la,w in Pliyoico i t l a vory 
i-.portiRt to tiioreu-hly i c i r n tho otatcscnt of i t 
CO that you kr.oi/ i t woivi pcrf ' iet ly , rather than 
ccnccntrctiTiS on tho 'Eco^in^' , 
AS- 5 ^ 3 2 1 
l / F C l / 5 2 . Cui- rhyaico clai:= frccuontly co-3 Involved in s p l r i t o d 
dlacuaoiono that have cooa oparkod of f by ocaothin^ t.^ *o 
*.c:icher has Irtrodiiced ia to tho loaaoa. 
D?* 5 4 5 2 I 
l / p r i / l . 1 111:0 act t in , - d l f f i c v . l t sooia for nyaoLf i n Phyaica. 
Civ 5 4 5 2 1 
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ERRATA 
Please note the f o l l o w i n g 
amendments t o the Thesis 
377 
p.51. Para. 3.3. l i n e 17. For " r e j e c t " read " r e f l e c t " 
p.6^1-. Para. ^.3. l i n e 7. I n s e r t "the" between " i n " and 
"appendix" and delete " 1 " a f t e r "appendix" 
p.65. Para. ^.4.2. ( b ) . l i n e 4. For " a l t e r n a t e d " read 
"associated" 
p.71. Para. l i n e 1. I n s e r t "The" before "appendix" 
and delete "2" a f t e r "appendix" 
p.76. Para. 5.2.1. Delete from "appendix 2 ... " l i n e 1, 
to " paragraph 5.3.)•" l i n e 5. 
p.87. Para. 5.4.4. l i n e 17. For "leads" read "lends" 
p.89. Para. 5.4.5. l i n e 4. For "11" read "10" 
p.96. Para. 5.5.1. For "X" read " " ( C h i ) . 
p.97. Para. 5.5.2. Delete l a s t two l i n e s a f t e r "Figure 5/6 
about here." 
p.106. Para. 6.5. Delete l a s t l i n e s t a r t i n g "Appendix " 
p.110. Para. 6.6.2. l i n e 23. Delete remainder of l i n e a f t e r 
" paragraph 7.5." 
p.115. Fig. 6/2. Cross i n lower r i g h t segment should be 
l a b e l l e d "b" and the cross on l e f t hand end of 
sporty component should be l a b e l l e d "e" 
p.128. Line 20. I n s e r t "and Mair" a f t e r "Bannister" 
p.136. Add t o end of page "(a new package i s c u r r e n t l y being 
produced by the author together w i t h R. B e l l 
( U n i v e r s i t y of Western A u s t r a l i a ) and i s due f o r 
p u b l i c a t i o n i n November 1979)." 
p.138. Para. 6.9.2. Line 14. Delete a l l l i n e a f t e r "Prefan" 
and a l l of l i n e 15." 
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p.178. Para. 7.3.2. l i n e 1^. Delete "s" a t end of 
"undergraduates" 
p.179. Para. 7.3.2. l i n e 4. For " d i f f e r e n t " read " d i f f e r e n c e " 
p.181. Fig, 7/1. I n s e r t a s t e r i s k i n second box from bottom 
on l e f t hand side s t a r t i n g " I n v i t e 
p a r t i c i p a t i o n ...." 
p.l9^^. Formula near top of page - l a b e l as 6/1. 
p.210. Para. 8 . 8 . l i n e Delete "however" a f t e r " . . . . ( 3 : ) " 
The f o l l o w i n g three l i n e s should then be amended 
to read "There i s a s i g n i f i c a n t r e l a t i o n s h i p 
between t h e i r construction of the f i r s t p r i n c i p a l 
component and so the substansive hypothesis i s not 
supported." 
at the end of o r r a t j , 
p.22^ & p.225. Renumber these pages .... 
22^ becomes 225 " 
. 225 becomes 22^ 
•• * i' 
p.227. Para. 8.11.- l i n e 17. Delete " i n t r i n s i c motivation" 
p.228. * Fig. 8/20.' I n s e r t "SIG" i n c e l l "Factor C/Physics 
Teachers" 
p.2W. Formula a t fo o t of page should read ... 
t 
2 
2 
N. (N. - 1) 
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p.252. Para. 8.15.1. l i n e 6. Slater (1972) not (1977) 
p.257. Line 1. For Slater'(1977) read Slater (1972) 
p.258. Line 8. For Slater (1977) read Slater (1972) 
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